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1.0  INTRODUCTION 

This  report  is  submitted  in  response  to  the  January  22,  1965 
amendment  to  Boeing-FAA  Contract  No.  FA-SS-65-20.  The  specific  amend¬ 
ment  states: 

"An  additional  approach  to  the  feasibility  of  a  fixed 
wing  configuration  supersonic  t rant port  is  desired* 

Accordingly,  a  study  will  be  conducted  of  a  supersonic 
transport  based  on  the  NASA  SCAT  15F  aerodynamic  con¬ 
figuration.  The  study  will  include  attention  to  aero¬ 
dynamic  performance,  stability  and  control,  structural 
design,  sonic  boom  parameters  and  weight  analysis  to 
determine  the  practicality  of  this  design  approach. 

Manufacturing  feasibility  studies  will  also  be  conducted 
to  evaluate  the  potential  of  this  design  approach." 

The  configuration  submitted  to  Boeing  for  evaluation  was  the 
HJ3A  SCAT  15F-220,  having  a  wing  area  of  9, 15 0  square  feet,  an  estimated 
gross  weight  of  1 3 0,000  pounds,  and  an  estimated  payload  of  1*3,000  pounds. 
Wind  tunnel  data  was  furnished  to  Boeing  by  the  NASA  Langley  Research 
Center  on  the  SCAT  15F-150  concept,  having  a  wing  area  of  6,95^  square 
feet,  an  estimated  maximum  taxi  gross  weight  of  1*00,000  pounds,  and  an 
estimated  payload  of  30,000  pounds.  Because  of  the  difference  between 
the  two  airplanes,  the  furnished  data  was  evaluated  and  modifications 
made  to  develop  a  revised  configuration. 

The  SCAT  15F  configurations  studied  by  Boeing  have  been: 


Boeing 

Designation 

SCAT  15F-B1  Identical  to  NASA  configuration,  SCAT  15F-220;  198 

passenger,  capacity- limited  payload  (90  percent  tourist, 
10  percent  first  class). 

SCAT  15F-B2  Identical  to  -B1  except  body  adjusted  for  215  passenger, 
capacity- limited  payload. 


SCAT  15F-B3 
to  -B 6 


Study  configurations  with  variations  in  longitudinal  trim 
and  control  surfaces. 


SCAT  15F-B7  Final  configuration,  500,000  pounds  Ramp  Gross  Weight, 
560  pounds /second  General  Electric  engines. 

SCAT  15F-B8  Parametric  configuration  identical  to  -B7  except  585,0c 
pounds  Ramp  Gross  Weight  and  760  pounds /second  Oeneral 
Electric  engines. 

SCAT  15F-B9  Parametric  configuration  identical  to  -B7  except  525.000 
pounds  Ramp  Gross  Weight  and  730  pounds / second  Pratt  ft 
Whitney  engines. 
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2.0  SUMMARY 

In  January  1965,  the  FAA  directed  Boeing  to  study  the  feasibility 
of  a  fixed  wing  supersonic  transport.  The  concept  was  to  be  based  on  the 
NASA  Langley  SCAT  15F-220  (SCAT  15F-B2,  Fig.  2-1)  with  an  estimated 
supersonic  cruise  lift-drag  ratio  of  9*5* 

Sizing  studies  with  the  SCAT  15F  configurations,  as  evolved 
during  the  study,  are  summarized  in  Table  2 -A  and  compared  with  the 
variable  sweep  Boeing  Model  733-290*  It  has  not  been  possible  to  simul¬ 
taneously  meet  all  the  FAA  design  objectives  with  the  SCAT  15F  concept. 
The  results  of  the  study  indicate  that  the  FAA  objectives  for  airport 
and  community  noise,  takeoff  and  landing  speeds  must  be  relaxed  to  make 
the  concept  feasible.  The  relatively  poorer  low  speed  aerodynamic 
characteristics  cannot  be  compensated  by  larger  wing  area  or  engine  size 
without  an  excessive  weight  penalty.  A  low-speed  canard  (retracted  in 
cruise)  has  been  added  to  the  NASA  configuration  in  order  to  allow  maxi¬ 
mum  use  of  high-lift  trailing  edge  flaps.  The  SC.AT  15F-B7  (Fig.  2-2)  at 
a  ramp  gross  weight  of  500,000  pounds  using  maximum  augmented  power  for 
takeoff,  has  a  D.O.C.  comparable  to  the  733-290,  but  exceeds  the  airport 
noise,  takeoff  speed  and  community  noise,  and  landing  speed  and  commu¬ 
nity  noice  objectives.  The  SCAT  15F-B8  ard  -B9  versions  with  the 
General  Electric  and  Pratt  &  Witney  engines,  respectively,  are  sized  to 
meet  ail  requirements  except  takeoff  and  landing  speeds  and  takeoff  air¬ 
port  noise.  The  increased  gross  weights  cause  a  significant  increase  in 
D.O.C.  as  compared  to  the  SCAT  15F-B7. 

The  SCAT  15F  airframe  is  feasible  to  manufacture.  The  SCAT  15F- 
B7  has  an  estimated  price  of  $22.2  million  including  the  price  of  the 
General  Electric  engines  but  excluding  development  cost6.  This  price  is 
consistent  with  the  FAA  Phase  II -A  Economic  Ground  Rules.  The  payload- 
range  and  economics  of  the  SCAT  15F-B7  are  shown  (Fig.  2-3)  utilizing 
either  the  GE4/J5G  Turbojet  (560  lb/sec  size)  or  the  PAW  STF  219B,  2200*F 
Turbofan  (600  lb/sec  6ize).  As  compared  to  the  707-32QB,  the  direct 
operating  costs  are  eight  percent  less  with  the  General  Electric  engine 
and  four  percent  higher  with  the  Pratt  A  Whitney  engine. 

The  initial  sizing  studies  were  conducted  on  the  NASA  conceived 
SCAT  15F-220  onfiguratic®  (SCAT  15F-B2,  Fig.  2-1)  at  a  rump  gross  weight 
of  430,000  pounds  in  order  to  determine  its  payload-range  capabilities. 
This  configuration  did  not  have  a  canard  or  aft  tail  -or  longitudinal 
trim;  trim  was  achieved  by  the  use  of  up-elevon  deflection  (reducing 
lift)  for  takeoff  and  leading  conditions.  The  low  speed  performance 
of  this  configuration  does  not  ellcv  the  maxi  ana  range  potential  to  be 
realized,  while  meeting  reasonable  speeds,  field  lengths,  and  noise 
levels  for  takeoff  and  landing  operations.  The  addition  of  a  high-lift 
canard,  for  use  during  takeoff  and  landing  only,  increased  the  low -speed, 
trimmed  lift  coefficient  approximately  sixty  percent.  At  a  maximum  grots 
weight  of  430,000  pounds  (P.L.  -  43,000  pounds)  the  SCAT  15F  canard  de¬ 
sign  has  a  range  of  approximately  3*000  nautical  mllea  at  a  takeoff  speed 
of  174  knots  with  a  community  noise  level  of  1 12  PSdb.  Meeting  the 
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Tablm  2- A  Performance  Summary  A  irplana  Com  par  it  cm 


MODEL 

733-290 

SCAT  15F- 
B7 

SCAT  15P- 
b8 

SCAT  15F- 
B9 

Engine  Type 

Engine  Airflow  -  Lb/Sec 

Ramp  G.  Wt,  -  1000  Lb 

Relative  D.O.C. 

Reserves  -  Lb 

GE4/J5C- 

475 

500 

1.000 

36110 

T_ 

GE4/J5G 

560 

500 

.98 

1^300 

C$4/J5G 

760 

585 

1.15 

53600 

vm 

SEP  219? 

(2200  *F) 
730 

525 

1.16 

42300 

TAKEOFF 

COMMUNITY 
NOISE  -  PNdb 

FAA 

Objec¬ 

tives 

105 

105 

112 

105 

105 

AIRPORT 

NOISE  -  PNdb 

116 

116 

118 

118.8 

117.3 

POWER 

SETTING 

1 

9 

1 

MAX. 

DRY 

MAX. 

AUG. 

MAX. 

AUG. 

MAX. 

AUG. 

SPEED  -  KN. 

l6o 

160 

nk 

174 

174 

LANDING 

SPEED  -  KN. 

135 

125 

153 

154 

151 

APPROACH 
NOISE  -  PNdb 

109 

111 

113 

112 

116 

Note:  All  airplanes  compared  at  ^3000  lb  payload  (215  passengers) 
4000  statute  miles  range,  max.  AP  =  2.3  PSF. 
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Phase  XI -B  design  objectives  of  160  knots  takeoff  and  10$  FNdb  takeoff 
community  noise  would  result  in  a  range  loss  of  $20  nautical  miles.  A 
ramp  gross  weight  of  $00,000  pounds  was  chosen  as  a  reasonable  design 
point  to  meet  the  range -payload  objective  with  compromised  low-speed 
performance . 

The  design  overpressure  of  the  SCAT  15F-B7  is  2.3;  however,  only 
a  forty  nautical  mile  range  decrease  is  Incurred  at  2.0  psf.  Variations 
in  design  sonic  boom  overpressure,  (which  were  computed  on  the  basis  of 
the  procedures  standardized  by  FAA  for  use  in  Phase  II -A)  have  only  a 
relatively  small  effect  on  the  range  performance  of  the  SCAT  1$F-B7  at 
overpressures  above  2.0  psf  (Fig.  2-4).  High  thrust  margins  and  low 
wing  loadings  are  available  during  transonic  operation  and  therefore 
changes  in  climb  schedules  have  a  relatively  small  effect  on  climb  per¬ 
formance.  The  high  thrust  margin  is  available  because  the  engines  and 
wing  area  are  sized  for  low  speed  considerations,  resulting  in  a  high 
thrust  to  weight  ratio  (.38  static)  and  low  wing  loading. 

A  ramp  wing  loading  of  62.$  psf  was  chosen  for  the  SCAT  15F-B7 
as  a  compromise  considering  range,  economics,  and  low  speed  performance. 
The  airplane  at  a  gross  weight  of  $00,000  pounds,  is  sized  for  a  takeoff 
community  noise  level  of  112  PNdb  with  a  takeoff  speed  of  174  knots 
(Fig.  2-5).  Decreasing  the  design  takeoff  speed  from  174  to  160  knots, 
at  a  constant  112  FNdb  noise  level,  would  result  in  an  eight  percent 
range  penalty  and  a  four  percent  increase  in  direct  operating  coats. 
Meeting  the  Phase  II-B  design  objectives  of  l6o  knots  takeoff  speed  and 
10$  FNdb  takeoff  cotnnunity  noise  would  further  reduce  the  range  to  2900 
nautical  miles. 

The  engine  cycle  comparison  in  Fig.  2-6  is  quite  sensitive  to 
the  design  value  for  takeoff  community  noise,  with  the  P4W  2200° F  Turbo¬ 
fan  superior  at  the  lower  noise  level  because  of  the  lower  installed 
engine  weight  and  fuel  reserves.  The  General  Electric  engine  has  been 
chosen  for  comparison  in  the  study  because  of  the  lower  engine  price  and 
the  later  delivery  of  the  P&W  2200® F  engine.  Table  2-B  gives  a  brief 
performance  summary  for  the  SCAT  1$F-B7  for  both  engine  cycles  considered 
in  the  study.  The  PfiW  STF  219B  (2200° F)  engine  has  a  slight  advantage 
over  the  GE4/j$G  in  range  (40  nautical  miles),  airport  noise,  and  ap¬ 
proach  speed,  but  would  have  approximately  thirteen  percent  greater  di¬ 
rect  operating  costs. 

The  SCAT  15F  weights  are  based  on  the  733-290  weight  substan¬ 
tiation  report  with  due  allowances  for  differences  in  configuration  in¬ 
cluding  the  airloads  analyses  for  flexible  structure.  Fig.  2-7  presents 
a  comparative  weight  breakdown. 

Longitudinal  stability  and  control  characteristics  appear  to  pre¬ 
sent  no  insurmountable  problems.  HASA  data  indicate  that  satisfactory 
pitching  moment  characteristics  can  be  provided  throughout  the  flight  en¬ 
velope,  and  a  satisfactory  longitudinal  balance  is  attained  with  a  cen¬ 
ter -of -gravity  range  from  37  percent  to  46  percent  MAC. 
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SCAT  1W-V 


Ramp  Gross  Weight  -  lbs 
Nominal  Payload  -  lbs 
Range  (Supersonic  Mission)  N.  Ml. 
OEV  -  lbs 

Space  Limited  Payload  -  lbs 
Direct  Operating  Cost  -  ^/s.S.Mi. 


Thrust  Margin, 
Transonic 


Sonic  Boom 

Overpressure 

P.S.F. 


Reserves  (lbs) 


Takeoff  Performance 
Sea  Level, 

Standard  Day 


Landing 
Performance 
Sea  Level 
Std.  Day 


Climb  Max. 
Initial  Cruise 
Descent 


5^  Block  Time 
20  min.  hold,  15000  ft 
Missed  Approach 
Cruise  to  Alternate 
Total 


CAR  Takeoff 
F.L.  -  ft 

Power  Setting 
Community  Noise  -  PNdb 
Airport  Noise  -  HMb 
Speed  -  Shots 


Normal  weight  -  lbs 
Approach  speed  -  knots 
Approach  noise  -  PNdb 
CAR  F.L.  -  ft 


GS4/J5G 

(2200  *y) 

500,000 

43,000 

3^76 

230,500 

52,200 

0.92 

500,000 

43,000 

3,518 

224,300 

52,200 

1.04 

1.00 

.872 

2.3 

2.3 

1.43 

1.41 

1.5 

1.5 

7,600 
12,000 
5,700 
19,000 
W*, 300 


6,500 


Max.  Aug. 
112 
118 
m 


317,800 

153 

U3 

7,200 


6,100 


Max.  Aug. 
112 
116.7 
IT* 


306,400 

150 

U6.5 

7,000 


Lateral -directional  stability  and  control  analyses  have  bean 
restricted  for  the  most  part  to  the  critical  low -speed  regime.  Lateral 
control  appears  to  be  inadequate  to  handle  90  degree  croeawlnds  in  ex¬ 
cess  of  13  knots  at  the  design  153  knot  landing  approach  speed.  This 
results  primarily  from  the  large  dihedral  effect  (Cffi)  of  this  highly- 
swept  configuration.  The  capability  to  land  in  90  degree,  30  knot  cross- 
winds  has  been  provided  with  the  incorporation  of  a  crosswind 
gear  which  eliminates  the  need  for  a  "decrab"  maneuver  and  the  associated 
large  lateral  control  requirements .  Detailed  study  would  be  required  to 
ascertain  the  capability  to  operate  in  gusty  air  with  the  present  control 
layout  and  division  of  authority  between  the  lateral  and  longitudinal 
controls . 

Satisfactory  directional  stability  is  inherent  in  this  outboard- 
tail  configuration  at  all  Mach  numbers  and  airplane  attitudes  within  the 
operating  flight  envelope.  The  vertical  tail  areas  have  been  increased 
and  planform  changed  somewhat  from  that  of  the  NASA  SCAT  15?  model  to 
provide  adequate  rudder  control  for  the  critical  engine  failure  condition 
at  takeoff. 

Analyses  of  the  lateral -directional  dynamic  stability  at  low- 
speed  and  supersonic  cruise  have  shewn  poor  Dutch  roll  characteristics. 

It  is  probable  that  a  triplicated  yaw  damper  system  will  be  required  to 
ensure  acceptable  handling  qualities  at  all  flight  conditions,  and  to 
eliminate  the  necessity  of  aborting  a  flight  when  a  single  yaw  damper 
failure  occurs  sometime  after  takeoff. 
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3.0  AERCOT«AMICS 

Studies  have  been  conducted  to  determine  the  effect  of  varia- 
*n  8k>88  weight,  wing  loading,  engine  size,  overpressure,  su’d  take¬ 
off  and  landing  characteristics  in  order  to  determine  the  feasibility  of 
the  SCAT  15F  concept  for  use  in  the  design  of  a  -afe,  economical  super¬ 
sonic  transport.  These  studies  have  been  based  on  the  FAA  Phase  II- B 
design  objectives. 

Two  engine  cycles  have  been  considered,  i.e.  the  GE4/J5Q  turbo¬ 
jet  and  the  P&W  STF  219B  (2200°F)  turbofan.  The  installation  engine 
data  are  as  presented  in  the  Phase  II-A  Proposal,  D6-8680-8,  Aircraft 
Propulsion  System.  A  cruise  Mach  number  of  2.7  vas  used  for  all  studies 
with  a  nominal  payload  of  43,000  pounds  (215  passengers,  90  percent 
tourist,  10  percent  first-class,  on  FAA  Economic  Intercontinental  Rules). 
Trades  are  presented  to  show  the  effect  of  operating  empty  weight,  lift- 
drag  ratio,  design  range,  low  speed  performance,  and  noise  levels. 

3.1  DESIGN  OBJECTIVES 

During  the  SCAT  15F  feasibility  study,  the  effect  of  meeting 
the  Phase  II-A  and  II-B  design  objectives  were  investigated.  These 
objectives  were  used  as  guidelines,  and  deviations  from  them  are  dis¬ 
cussed  in  this  report.  A  summary  of  the  FAA  II-B  performance  design 
objectives  are  as  follows: 

3.1.1  Speed 

A  cruise  speed  capability  of  at  least  Mach  2.5* 

3-1.2  Range  and  Bay load 

A  minimum  payload  of  30,000  pounds  at  a  range  of  4000  statute 

miles. 

3-1.3  Sonic  Boom  Overpressures 

Initial  cruise  1.5  PSF 
Transonic  acceleration  -  2.0  PSF 

3.1.4  Takeoff 

Maximum  community  noise  level  of  105  FNdb  at  a  point  three 
miles  from  initiation  of  takeoff  roll.  Sea  Level  standard  day. 

Maximum  airport  noise  level  of  116  FNdb,  1500  feet  from  center- 
line  of  runway.  Sea  Level  standard  day. 

The  airplane  should  be  capable  of  taking  off  from  a  10,500 
foot  runway  at  maximum  design  takeoff  gross  weight  in  an  ISA  +  15°C 
hot  day  atmosphere  at  sea  level.  At  maximum  gross  takeoff  weights  the 
lift-off  speed  should  not  exceed  160  knots  (EAS). 

The  aircraft  should  have  the  ability  to  takeoff  in  30  knots, 

90  degree  crosswinds. 
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3*1*5  Landing 

Maximum  approach  noise  of  109  F!Hb  at  a  point  one  mile  from 
runvay  threshold. 

The  required  runway  length  should  not  exceed  8000  feet  under 
vet  runway  conditions  with  the  aircraft  at  the  maximum  authorized  landing 
weight. 

The  maximum  acceptable  boundary  speed  should  be  135  knots  (KAS), 

The  aircraft  should  have  the  ability  to  land  in  30  knots,  90 
degree  crosswinds. 

3.2  A2RPIAKE  FffiPCRMAUCB 

3  3  i  Engine-Airframe  Matching 

Initial  sizing  studies  were  conducted  on  the  SASA  SCAT  15F- 
220  planfonn  at  a  ramp  gross  weight  of  430,000  pounds.  Based  on  SASA 
wind  tunnel  data,  the  low  speed  analysis  (Bar.  3* 3*2.2)  resulted  in  a 
takeoff  lift  coefficient  of  O.385,  second  segment  climb  lift-drag  ratio 
of  6.8,  and  approach  lift  coefficient  of  0.30.  Ibis  configuration  was 
trimmed  by  trailing  edge  surfaces  which  decrease  wing  lift  at  a  given 
attitude.  Very  low  wing  loadings  are  necessary  for  reasonable  low  speed 
performance.  The  engine-airframe  sizing  characteristics  are  shown  in 
Fig.  3-1  for  the  GE4/J5G  turbojet.  B*e  airplane  has  a  high  aerodynamic 
efficiency  as  evidenced  by  the  range  capability  of  greater  than  3500 
nautical  miles  at  a  wing  a*^a  of  about  6000  square  peet.  However,  the 
serious  compromise  required  by  low  speed  performance  is  indicated  by 
the  need  for  a  wing  area  of  greater  than  9000  square  feet  to  achieve  a 
takeoff  speed  of  190  knots,  with  a  corresponding  range  of  less  than  2000 
nautical  miles.  Table  3-A  shows  a  comparison  between  the  GE4/J5G  and  PAW 
STF  219B  (2200*F)  engines  when  the  SCAT  15F-220  planfonn  is  sized  for  a 
takeoff  speed  of  190  knots.  The  data  for  airplanes  matched  to  achieve 
two  community  noise  levels  are  also  shown.  If  the  design  noise  level 
is  relaxed  to  112  FBdb,  the  c~:ifigu ration  has  a  range  of  approximately 
2740  nautical  miles  at  a  ramp  gross  weight  of  430.000  pounds.  Approach 
speeds  would  be  on  the  order  of  175  to  177  knots. 

In  an  effort  to  improve  the  match  between  low  speed  and  super¬ 
sonic  cruise  performance,  the  use  of  a  high  lift  canard  was  studied  cm 
the  SCAT  15F-220  plan  form.  The  canard,  which  is  used  for  takeoff  and 
landing  only,  increases  the  takeoff  trimmed  lift  coefficient  from  0.385 
to  0.60.  Higher  lift  coefficients  ere  possible;  however,  tbs  loss  in 
second  segment  climb  lift-drag  ratio  adversely  affects  the  overall  sizing 
of  the  configuration.  This  is  discussed  further  in  Par.  3*2.3,  Trade 
Studies.  By  use  of  the  canard,  the  approach  lift  coefficient  increases 
from  0.30  to  0.5 0.  The  sizing  characteristics  of  the  SCAT  15F-220  canard 
design  are  shown  in  Figs.  3-2  and  3-3  for  ramp  gross  weights  of  430,000 
pounds  and  500,000  pounds,  respectively,  with  the  GE4/J5Q  turbojet. 

The  engine  airframe  match  of  the  final  configuration  of  SCAT  15F-B7  is 
shown  In  Fig.  3-3.  Similar  data  are  shown  In  Fig.  3-4  for  the  PIW  STF 
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Fif  3-2  Engiaa-Airirama  Siting  -  GE4/JSG  Enginm  SCAT  15F  with  Canard,  R.  G,  Wt.  m  430,000  Lk. 


219B  2200°  F)  turbofan  at  a  ramp  gross  weight  of  500, 000  pounds.  It  is 
noted  that  the  use  of  a  canard  (improved  low  speed  performance)  allow* 
the  configuration  to  be  sized  nearer  to  the  maximum  range  potential  at 
a  given  gross  weight.  The  weight  penalty  associated  with  the  canard 
has  been  included  in  these  data.  The  wing  loading  is  determined  by  take¬ 
off  and  approach  speeds  ”hile  the  engine  is  sized  by  the  community 
noise  level.  Field  lengths  and  transonic  accelerations  are  not  critical. 

The  engine-airframe  matching  of  the  SCAT  15F-220  canard  design 
is  summarized  in  Tables  3-B  and  3-0  for  gross  weights  of  ^30,000  and 
500,000  pounds,  respectively.  Performance  with  the  two  engine  cycles 
(GE4/J5G  vs.  P&W  STF  219B,  2200°F )  are  compared  at  a  wing  loading  of 

6 2.5  PSF  for  community  noise  levels  of  105  PNdb  and  112  PNdb.  When 
sizing  for  a  noise  level  of  112  PNdb  the  P&W  STF  219B  has  a  small  ad¬ 
vantage  at  the  higher  gross  weights  in  terns  of  range  (+40  nautical 
miles),  airport  noise,  and  approach  speed,  but  would  have  greater  direct 
operating  costs  of  approximately  13  percent.  However,  the  P&W  STF  219B 
engine  has  approximately  a  200  nautical  mile  range  advantage  over  the  GE 
4/J5G  when  sizing  for  a  community  noise  level  of  105  PNdb. 

3.2.2  SCAT  15F-B7  Performance 

The  performance  of  the  SCAT  15F-B?  is  sumnarized  in  Figs.  3*5 
through  3-12.  The  performance  is  computed  in  accordance  with  the  FAA 
Phase  II-B  rules  and  meeting  the  certification  requirements  of  CAR  S3&22B. 


Figure 

3-5 

Supersonic  Cruise  Profile,  Basic 

Mission 

3-6 

Speed-Altitude  Schedule 

3-7 

Cruise  Range  vs.  Gross  Weight 

3-8 

Takeoff  Field  Length 

3-9 

Takeoff  Speed 

3-10 

Takeoff  Community  Noise 

3-11 

Landing  Field  Length 

3-12 

Approach  Speed 

3-2-3 

Trade-  Studies 

The  following  paragraphs  present 

performance  trade  data  for  the 

SCAT  15F  canard  design. 

Figure  3-13  shows  design  range  as  a  function  of  takeoff  lift 
coefficient  and  second  segment  climb  lift-drag  ratio.  Data  are  shown 
for  the  GEk/J5G  engine  at  a  ramp  gross  weight  of  500,000  pounds.  Ihe 
curve  marked  "available  low  speed  performance"  is  estimated  to  be  the 
beat  performance  available  for  the  SCAT  15F-B7  configurations.  Maximum 
range  occurs  at  a  takeoff  lift  coefficient  of  0.60.  These  data  are  for 
matched  airplanes,  varying  engine  airflow,  and  ving  loading,  sized  for  a 
constant  takeoff  speed  and  community  ncise  level.  If  the  takeoff  lift 
coefficient  could  be  Increased  to  0.70  and  lift-drag  ratio  increased 
to  7.0,  the  range  increase  would  be  approximately  350  natucial  Biles, 
holding  the  IT1*  knot  takeoff  speed  and  112  PNdb  noise  level.  If  this 
low  speed  performance  level  could  be  attained  {3.70  CLj«  and  7.0  h/U), 
the  SCAT  15F-B7  configuration,  as  sized,  would  meet  all  of  the  Phase 
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SCAT  >5P-BT 


Rwq?  0.  Wt.  ■  500,000  lba 

-  230500  lb« 

PSyload  -  A 3000  U».  ** 

Wing  Area  -  8000  Ft2 

&*ine  -  (3  fc/j^G 

We  -  560  lb /sec 
Std.  Ehjr,  Zero  Wind 
A ^—2.3  KF  V  I 

Thane  11- A  Rule*  -  ~  * 

0(D@ 

ULOCK  TIME  -  2.926  Hr* 

B10CK  FUEL  «  183900  lb*. 


71,100  rr. 


feAjOOOFT 


I (g)  CLIMB 

OP-2.3  PSF 


iAF«t.5PSF 


Fuel  Wt.  • 

Reaain-  Svl  of 

lng  Ojm 

Lb*.  Um. 


w*- 

Tlaa  tone# 


1.  Taxi-out  (10  aln. )  3920  2225 

2.  Takeoff  2170  220* 

3*  Air  Maneuver  (250  Kt*.  5860  21*5' 

*AS  e  5000  ft.) 

*•  3.L.  Acceleration  2860  on  ft 

5.  Cllnb  &  Acceleration  *3937  l6Tr. 

6.  M  -  2.7  Crulae  Cli*b  121513  *62» 

7.  Deacent  (vcruiae  to  19*0  **31 

V  ) 

appr. 

8.  lending  (▼  to  7  -  0)  Incl.  In  3 

9.  Taxi-in  (5  aln. )  (l700)» 

TOTAL  MI3SI0B:  1B2200 


Imui  AMttiiAe  a 

WICTTw ! 

a.  5<  Hock  Tlee  #  end  76c 

of  emit*  fuel  flew 

b.  20  adLn.  hold  12000 

#  15000  ft. 

c.  8  aln.  slated  57O 

approach  at  1500  ft. 

d.  Cllnfc  A  crulae  to  1900 

alto  300  at.  al., 
deac,  to  15000  ft. 

TOTAL  RBIFTW:  4*30 

WIAL  FOIL  22650 

Fif.  3-5  Smpnrnmle  Cntlnn  Flit*,  PnfiU 


222580  *96060  .167  0 

220*10  *93910  .009  0 

21*550  *88050  .063  0 

2U69O  *85190  .012  3 

167753  **1253  .237  183 
*62*0  3197*0  I.09  3006 
**300  317800  .  3*0  20* 


317800  .007  0 

317800  .063  _ 0 

2.926  3*76 


19000 

&°2 

22650c 


*  lot  Included  In  alaalon  fuel. 


PRESSURE  ALTITUDE  ~  IOOO  FT. 


SCtfn5F-»1 


Fij.  3-6  Sp—d-Ahihnh  Sc6+4vl» 
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C  A  R.  FIELD  LENGTH  IOOO  FT.  C.A.R.  FIELO  LENGT H  lOOO  FT. 


1000  LB 


GROSS  WRIGHT 


F/g.  3-9  TaksoH  Sp—dt 


LANDING  WEIGHT  ^  IOOO  LB 

Fig,  3~J]  Landing  Field  Length 


DC— t  Mil 


;  p.l.*4»,oqo  ,iA..L;i  .-;**».*  i.s I  par. 

;  ::  i :•  ':  .'  j  '  ::  I  '  :  :  : 


Amm 


■  y  ..!•!!. ; 

:  i  j  :  :  •* 

H'  t  'i  !  ;  |  J:: 

.  j  :  !  :  :  ■:  j 

; . l-T'-’j:  ■ 

H.  i.:.  :  ! . /  1  ±  :  . 

: 

;;  :  |  :  i';i 

. : . i . . .  . . . VARYING  .St 

;  AND  WING 

IftlMtJMiZL . ! . 

LOAD  INC* 

:  ,  ,  i  .  l:.: 

■  r  1  ■ '  :  i 

!  .  ;  :  ;  j  'i  ! 

:  .  .  j  ;  j  :  i  •  j  ;  j 

• 

i 

:  i .  . 

*  I  •  J  1  ■  j  ‘  • 

;• : 

. 

*"  "*  • . j"  •  ““t . f  ~  ; 

Of -1  Mil 


n-S  design  objectives;  i.e.,  l£0  knot  takeoff  speed,  105  Mb  ndwnnit* 
ty  noise,  end  135  knot  approach  speed. 

The  effect  of  takeoff  speed  on  range  as  a  function  of  gross 
weight  is  shown  (Fig.  3-14)  for  constant  ccnsunity  noise  levels  of  105 
PNih  and  112  FSdb.  Increasing  the  takeoff  speed  from  l60  to  175  knots 
increases  the  range  300  nautical  miles  at  a  constant  noise  level  of  112 
PTJdb.  Further  increases  in  takeoff  speed  result  in  only  wall  improve¬ 
ments  in  range.  With  optimum  matching  at  a  ramp  gross  weight  of  500,000 
pounds  the  range  is  290o  u^utical  miles  when  meeting  design  objectives 
of  l6o  knot  takeoff  speed  and  105  FSdb  comaunity  noise. 

The  effect  of  engine  size  and  wing  loading  on  design  range  and 
direct  operating  costs  are  presented  in  Figs.  3-15  and  3-16  for  the 
GBh/-T50  turbojet  and  STF  219B  (2200#F)  turbofan,  respectively.  Data 
are  for  a  ramp  gross  weight  of  500,000  pounds  and  design  payload  of 
43,000  pounds.  The  community  noise  levels  are  shown  for  the  SCAT  15?- 
B7  level  of  low  speed  performance;  i.e.,  Cltq  ■  0.60  and  climb  out  L/D 
•  6.0.  It  is  noted  that  for  the  OS  turbojet  the  economics  of  the  con¬ 
figuration  are  comprised  below  noise  levels  of  approximately  118  FSdb. 
The  same  is  true  with  the  PH*  turbo fan  below  noise  levels  of  112  FKdb. 
Engine  weight  scaling  effects  of  the  P&W  turbofan  are  not  as  severe  and, 
therefore,  lovering  the  design  noise  level  with  this  engine  does  not 
affect  the  range  and  economics  as  much  as  the  GE  turbojet.  The  engine 
size  required  to  meet  a  given  community  noise  level  can  be  obtained 
from  Figs.  3-17  and  3-18  for  both  engine  cycles.  The  ratio  of  ramp 
gross  weight  to  total  engine  airflow  required  is  shown  as  a  function  of 
wing  loading,  takeoff  lift  coefficient,  and  second  segment  lift-dreg 
ratio. 

Airport  noise  and  approach  noise  are  shown  for  the  GE4/J5G 
(Fig.  3-19)  and  the  PfiW  STF  219B,  2200°F  (Fig.  3-20)  engines  as  a 
function  of  airflow.  The  SCAT  15F-B7  configuration  with  j6o  pounds  per 
second  GE4/J5G  engines  has  an  airport  noise  of  ll8  PNdb  and  approach 
noise  of  113  PBdb.  This  configuration  sized  with  600  pounds  per  second 
PAW  STF  219B  engines  has  an  airport  noise  of  approximately  117  FB8b  and 
approach  noise  of  116,5  FSdb.  As  shown,  the  approach  noise  level  would 
be  lower  if  improved  lift-drag  ratios  could  be  attained. 

The  trade  between  operating  empty  weight  and  supersonic  cruise 
lift-drag  ratio  was  investigated  for  the  SCAT  15F  canard  configurations 
(Fig.'  3-2l) .  Data  are  shown  for  a  constant  rang*  of  4000  statute  miles 
for  engine  sizes  of  560  pounds  per  second  (112  PSdb  community  noise) 
and  650  pounds  per  second  (105  PWb  coonunity  noise).  In  oxder  to  meet 
a  design  noise  level  of  105  PSdb  the  C&V  of  the  SCAT  15F-87  would  have 
to  be  increased  approximately  10.500  pounds  because  of  the  larger  engine 
size  required.  This  would  necessitate  a  cruise  lift-drag  ratio  of  10. 3 
in  order  to  meet  the  design  payload- range  at  a  ramp  gross  weight  of 
500,000  pounds  and  wing  loading  of  62.5  pef. 
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3-3.1  Cruise  Configuration 
3< 3* 1.1  Drag  Characteristics 

The  lift-drag  ratio  values  for  the  SCAT  15F-B?  along  a  typical 
climb  and  acceleration  schedule  are  given  in  Fig.  3-22*  Also  shown  are 
the  lift-drag  ratios  occurring  during  hold,  missed  approach,  and  alter¬ 
nate  cruise.  For  subsonic  operation  the  use  of  leading  edge  devices 
has  been  assumed  and  an  increase  in  lift-drag  ratio  of  approximately 
1.0  has  been  included  in  the  holding  and  alternate  ci-ulse  phases  of 
mission  performance. 

The  supersonic  cruise  drag  polar  is  shovn  in  Fig.  3-23  for  an 
altitude  of  70,000  feet.  The  maximum  lift-drag  ratio  at  this  altitude 
is  9.0o.  The  cruise  lift-drag  ratio  at  maximum  dry  power  is  8.95* 

A  typical  variation  of  lift-drag  ratio  used  for  parametric 
performance  studies  is  presented  in  Fig.  3-24  as  a  function  of  wing 
reference  area.  These  data  are  given  for  the  SCAT  15F-B7  body  and  engine 
size.  The  engine-airframe  match  for  maximum  nautical  miles  per  pound  of 
fuel  reduces  the  lift- drag  ratio  approximately  one  percent  for  cruise, 

3. 3*1 .2  Drag  Analysis 

The  high  speed  drag  data  of  the  SCAT  15F-B7  are  based  on  the 
wind  tunnel  data  obtained  from  the  NASA  Langley  Research  Center.  Ex¬ 
trapolation  of  the  wind  tunnel  data  to  full-scale  flight  conditions  have 
been  obtained  in  two  steps.  First  the  wind  tunnel  data  were  extrapolated 
to  flight  conditions  assuming  identical  external  geometries  for  the  wind 
tunnel  model  and  the  airplane.  The  resulting  drag  data  were  then  cor¬ 
rected  for  the  changes  in  geometry.  The  initial  corrections  were  ob¬ 
tained  directly  from  Ref.  3-1.  Section  4,  pages  83-167.  It  was  assumed 
that  changes  applied  to  the  wind  tunnel  model  of  the  733-290  would  be 
applicable  (after  suitable  scaling)  to  the  wind  tunnel  model  of  the  SCAT 

15F-B7. 


a.  Skin  Friction  Correction 

The  method  described  in  Ref.  3-1  was  used  allowing  for 
changes  in  the  Reynolds  number.  The  correction  based  on  Sref  ~  6954 
square  feet  is  -0.0026  ACn  for  Mach  2.7  and  altitude  of  70,000  feet. 
The  internal  drag  correction  was  also  modified  in  the  light  of  the 
findings  in  Ref.  3-1 •  The  modification  increases  the  internal  drag  by 
ACd  =  0.000084  and  correspondingly  reduced  the  external  drag  by  the 
same  amount. 


b.  Roughness  drag 

This  was  obtained  from  pages  132,  133  and  134  of  Ref.  3-1 
with  the  following  changes.  The  wing,  fuselage,  engines,  etc.  were 
assumed  to  have  the  same  roughness  drag  per  unit  wetted  area  as  the 
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corresponding  components  for  the  733-290.  The  drag  of  the  733-890  mis¬ 
cellaneous  items  vas  retained.  The  roughness  drag  allowance  at  Mach 
2.7  is  0.00017  ACp  based  on  an  8000  square  foot  wing  area. 

e.  Wind  Tunnel  Model  Body  Closure  Corrections 

These  were  obtained  directly  from  Pig.  4-32  of  Ref.  3*1 
and  scaled  for  the  ratio  of  body  area  to  wing  reference  area. 

d.  Engine  Effect  Corrections 

These  were  obtained  from  Ref.  3-1  but  scaled  in  the  ratio 
of  engine  thrust  to  wing  reference  area.  s 

e .  Trim  Drag 

No  corrections  were  applied  to  the  drag  for  aaroelasticity. 
These  were  found  to  be  small  for  the  733-290  and  would  presumably  be 
even  smaller  for  the  SCAT  15F-B7.  There  were  no  further  corrections 
applied  for  trim  drag.  It  is  assumed  that  changes  in  Q{q  could  be 
achieved  by  slight  modifications  to  the  nose  of  the  fuselage  and/or  the 
twist  of  the  wing  in  order  to  trim  the  aircraft  without  affecting  the 
level  of  aerodynamic  efficiency  demonstrated  by  the  wind  tunnel  model. 

f.  Changes  To  The  Drag  Due  To  External  Geometry  Variations 

When  the  above  mentioned  corrections  are  applied  to  the 

wind  tunnel  model  data,  a  maximum  lift-drag  of  9*44  results  at  Mach  2.7 
and  70.000  feet.  The  SCAT  15F-B7  airplane,  however,  incorporates 
changes  from  the  wind  tunnel  model  that  have  affected  the  llit-drag 
ratio.  The  following  corrections  have  been  applied; 

1.  Skin  Friction  drag,  ACp  =  +  0,0001  due  to  a  change  in 
wetted  area  ratio  from  2.88  to  3,03.  A  breakdown  of  wetted  areas  and 
skin  friction  drag  is  given  in  Table  3-D* 

2.  P'essure  drag  change  due  to  planform  modification  and 
relative  body  size  increases  ^Cd  =  +  0.0001.  (This  correction  was 
estimated  valid  at  Cl  *  0.1,  but  applied  as  an  increment  for  all  lift 
coefficients.)  It  is  assumed  that  a  redesign  in  camber  and  tvint  will 
become  necessary  to  achieve  this  level. 

3.  Drag  increment  due  to  increase  in  size  and  thickness 
ratio  of  the  vertical  tail,  ACe  =  +  0.00009. 

Because  of  the  changes  in  external  geometry  with  the  drag  in¬ 
crements  noted  above,  a  degradation  in  lift-drag  ratio  from  9*44  to  9*06 
occurs  at  Mach  2.7,  70,000  feet. 

3.3,2  Takeoff  and  Landing  Configuration 

3.3-2.1  Low  Speed  Characteristics 

Analysis  of  the  SCAT  15F-220  configuration  shows  that  sufficient 
lift  cannot  be  generated  for  reasonable  takeoff  and  landing  speeds  with 
a  wing  area  sized  for  the  required  payload- range  performance.  One  of  the 
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factor*  tending  to  limit  the  lift  of  this  configuration  Is  the  require¬ 
ment  to  trim  to  the  forward  CO  which  necessitates  the  uae  of  upward  de¬ 
flected  elevens.  Use  of  downward  deflecting  trailing  edge  surfaces, 
with  resulting  increase  in  lift,  requires  a  compensating  positive  ament. 
The  approach  that  has  been  taken  for  the  SCAT  15F-B7  has  been  to  generate 
tbla  moment  with  a  high  lift  canard. 

The  takeoff  and  landing  configuration  of  the  SCAT  15F-B7  con¬ 
sists  of  plain  flaps  deflected  downward  to  l6  degrees  between  the  body 
and  Inboard  nacelle;  an  elevon  between  nacelles  drooped  to  17  degrees 
and  23  degrees,  respectively,  for  takeoff  and  approach;  and  a  high  lift 
canard.  The  inboard  flap  deflection  angle  is  limited  by  ground  clearance 
requirements  when  the  airplane  is  rotated  to  its  maximum  ground  angle. 

The  elevon  droop  angle  ie  determined  by  canard  trimming  capability  during 
approach.  For  takeoff,  the  elevon  droop  angle  was  chosen  to  give  a  lift 
wff  Cl  of  0.6  (see  Par.  3.2.3).  The  canard  ie  assumed  to  have  slats  and 
flaps  as  needed  to  generate  a  lift  coefficient,  based  on  canard  exposed 
area,  of  at  least  Cl  ■  2,5.  The  center-of-gravity  is  at  k2  percent 
MAC  for  takeoff  and  at  37  percent  MAC  for  landing. 

The  SCAT  15F-B7  is  a  geometry  limited  airplane  at  liftoff  and 
touchdown,  That  is.  the  speed  at  these  conditions  is  determined  by  the 
maximum  attitudes  that  the  airplane  can  sustain  on  the  ground,  consider¬ 
ing  any  margins  required  for  prevention  of  damage  to  the  airframe.  More 
conventional  airpianeR  of  larger  span  generally  fly  at  speeds  referenced 
to  &  free  air  stall  speed  (%in).  However,  model  data  used  for  evalua¬ 
ting  the  SCAT  15F-B7  indicated  that  a  conventional  stall  would  not  occur 
at  speeds  that  could  influence  this  airplane's  performance. 

T  e  low  speed  aerodynamic  characteristics  of  the  SCAT  15F-B7 
airplane  a,  a  shown  on  Fig.  3-25 .  The  principal  characteristics  are 
listed  in  Table  3-E,  Liftoff  in  ground  effect  is  defined  to  occur  at 
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the  maximum  ground  attitude  of  the  airplane  with  landing  gear  strut  com¬ 
pressed.  This  procedure  Is  unusual,  based  cm  present  day  operational 
techniques,  in  view  of  the  fact  that  the  pilot  would  probably  rotate  a 
little  early  to  establish  ground  contact  prior  to  reaching  liftoff 
speed.  This  assumes  that  proper  structure,  perhaps  a  tail  wheel .  is 


provided.  A  cockpit  Indication  of  ground  contact  sight  also  be  used* 
Liftoff  at  this  condition  oust  still  leave  sufficient  margins  of  safety* 
The  SCAT  15F-B7  can  lift  off  at  this  attitude  with  only  three  engines 
operating  without  becoming  second  segment  climb  gradient  limited  (?2nd 
aeg.*0.03)  even  if  no  additional  acceleration  occurs  after  liftoff.  In 
addition,  an  8.0  percent  speed  margin  over  minimus  unstick  (Vfcg t)  exists* 

After  liftoff,  the  airplane  continues  to  accelerate  during  the 
flare.  It  was  estimated  that  the  speed  during  climb  would  be  8  percent 
greater  than  at  liftoff.  Although  available  wind  tunnel  data  adjusted 
to  full-scale  conditions  did  net  result  in  as  higfr  a  lift-drag  ratio  for 
climo  as  was  vised  for  performance  calculations,  the  values  used  are  con¬ 
sidered  attainable.  This  optimism  is  based  on  expected  improvement  in 
drag  characteristics  that  are  typical  when  trailing  edge  flaps  are  de¬ 
flected. 

To  prevent  damage  to  the  airplane,  approach  lift  coefficient 
Is  based  on  a  touchdown  attitude  that  is  2.8  degrees  less  than  the  ground 
contact  angle  with  landing  gear  struts  extended.  It  is  assumed  that 
speed  decreases  2.5  percent  from  approach  speed  during  landing  flare. 

Body  attitude  during  approach  with  a  3  degree  glide  slope  is  9  degrees 
relative  to  the  horizon.  Substantiated  lift-drag  ratio  during  approach 
with  gear  down  is  ^.8  which  is  close  to  the  value  of  5*0  used  for  per¬ 
formance  calculations.  Trailing  edge  flap  effects  on  the  drag  polar 
are  again  expected  to  make  up  this  difference. 

During  approach,  the  airplane  operates  on  the  "back  side"  of 
the  thrust  required  curve,  indicative  of  speed  instability.  The  approach 
speed  is  about  12  knots  below  the  speed  defining  the  limit  of  acceptable 

speed  instability  =  -.0012/knot). 

“V 

3. 3.2.2  Low  Speed  Analysis 

The  wind  tunnel  data  used  to  estimate  the  low  speed  performance 
characteristics  of  the  SCAT  15F-B7  airplane  were  obtained  from  RASA 
Langley  Research  Center.  The  results  of  three  tests  were  used: 

7  x  10  High  Speed  Tunnel,  Teat  No.  650 

30  x  60  Full  Scale  Tunnel,  SCAT  15F  free  flight  model  force 

test 

7  x  10  High  3peed  Tunnel,  Teat  No.  68l,  Run  in  TET. 

Data  from  the  first  test  provided  lift,  drag,  and  mcaen'  data 
with  and  without  a  ground  board.  Data  frcis  the  second  test  v*a  used  to 
estimate  trailing  edge  flap  characteristics.  Data  from  the  third  test 
provided  the  basis  for  estimating  full  scale  induced  drag  characteristics. 
The  model#  used  in  these  tests  were  SCAT  15F  models,  differing  only 
slightly  from  the  planfura  of  the  SCAT  15F-B7  airplane.  The  wings  were 
cambered  and  twisted.  'Hie  wing  leading  edges  were  round,  end  leading 
edge  flaps  were  used. 
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The  vind  tunnel  values  for  lift  and  drag  vere  adjurted  for 
planform  differences  and  estimated  scale  effects.  Lift  was  increased 
7  percent  for  Reynolds  number  effects.  However,  the  lower  aspect  ratio 
of  the  SCAT  15F-B7  vas  estimated  to  decrease  lift  curve  slope  by  3  per¬ 
cent.  Thus,  a  net  increase  in  lift  of  ^  percent  was  applied.  Pitching 
moment  vas  not  modified;  it  was  assumed  that  the  wing  center  of  pressure 
remained  in  the  same  location  relative  to  the  mean  aerodynamic  chord 
when  the  planform  ’/'as  modified  to  the  SCAT  15F-B7  planform.  Lift  and 
moment  data  are  shown  ir.  Figs.  3-26  and  3-27- 

Skin  friction  drag  calculated  for  full  scale  airplane  conditions 
and  increments  for  pressure  drag  and  engines  were  used  to  define  Cdq  for 
the  clean  airplane.  Induced  drag  characteristics,  shown  in  Fig.  3-28, 
were  extrapolated  to  high  Reynolds  number  based  on  the  results  of  recent 
NASA  tests.  The  resulting  drag  polar  is  shown  in  Fig.  3-29- 

Additional  lift  and  pitching  moment  from  the  flap  and  drooped 
elevon  were  estimated  from  the  results  of  the  force  test  of  the  free 
flight  model  of  SCAT  15F.  The  effect  of  variations  in  flap  size  and 
location  were  included  using  simplified  section  theory  to  ratio  incre¬ 
mental  vind  tunnel  data.  Some  optimism  vas  included  to  allow  for  re¬ 
finements  and  scale  effects.  Increments  for  flap  drag  were  not  spe¬ 
cifically  included.  Rather,  it  was  assumed  that  increments  in  flap  drag 
would  be  at  least  compensated  by  increments  in  lift  sufficient  to  remain 
on  the  flaps-up  polar.  Experience  with  ether  wings  and  preliminary  dx-ag 
data  from  Test  No.  650  (7  x  10  High  Speed  Tunnel)  suggest  that  the  drag 
polar  will  actually  be  improved.  For  this  reason,  the  drag  polar  used 
for  performance  calculations  is  better  than  can  be  calculated  using 
available  data. 

The  canard,  used  to  overtrim  the  airplane  so  that  a  flap  and 
a  drooped  elevon  could  be  used,  has  a  straight  wing  planform  of  aspect 
ratio  3  based  on  exposed  span  and  area.  High  lift  flaps  and  a  leading 
edge  slat  are  assumed  to  be  sufficiently  powerful  to  allow  a  maximum 
lift  coefficient  of  at  least  2.5  based  on  exposed  area.  This  is  some¬ 
what  higher  than  generated  by  a  similar  canard  on  the  free  flight  model. 
However,  it  is  considered  attainable  for  this  planform. 

The  maximum  canard  lift  is  required  during  approach  because  of 
the  forward  center  of  gravity.  During  takeoff,  canard  lift  would  be 
reduced  to  an  appropriate  level  by  partial  retraction  of  slats  and  flaps. 
It  was  assumed  that  one-half  the  canard  lift  would  be  cancelled  by  inter¬ 
ference  effects  with  the  wing.  Canard  drag  was  computed  using  the 
equation: 


■  °-0002  +  mrosT 

where  the  coefficients  and  aspect  ratio  are  based  on  the  exposed  plan- 
form. 
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'3-3  Sonic  Boon  Characteristics 

The  scrip  boom  for  the  SCAT  15F  was  initially  evaluated  on  the 
oasis  of  the  non-d’nensional  plot  sho-r.  in  Fig.  3-30.  This  plot  nad 
been  obtained  from  the  NASA  and  represents  a  calculation  for  the  basic 
SCAT  15F.  In  order  to  resize  the  airplane,  a  family  of  sonic  boom 
curves  vas  prepared  from  which  the  effect  of  ving  area  changes  was  es¬ 
timated.  This  is  shown  in  Fig.  3“ 31-  The  final  sonic  boom  data  has 
been  prepared  using  the  methods  described  in  Ref,  3-1  and  the  results 
are  shown  in  Fig.  3-32  for  Mach  2.7.  The  area  distribution  function 
S(x)  and  the  lift  distribution  B(x)  are  shown  in  Fig.  3-33  for  the  SCAT 
15F-B7. 


All  sonic  boom  calculations  are  based  on  methods  standardized 
by  the  KAA  for  Phase  II-A  evaluation.  Therefore , , none  of  the  potential 
benefits  of  the  more  detailed  analysis  of  the  general  theory  have  been 
considered  in  this  study. 

3*3*4  Stability  and  Control 

3. 3*^*1  Longitudinal 

a.  Static  Balance 

The  longitudinal  balance  and  static  stability  for  the  SCAT 
15F-B7  supersonic  transport  are  shown  in  Fig.  3-34*  The  stability  and 
control  aerodynamic  characteristics  of  the  SCAT  15F-B7  have  been  derived 
from  NASA  wind  tunnel  data.  Where  necessary,  corrections  have  been  made 
to  full  scale  geometry  and  conditions  (see  Par.  3*3-2  for  Low  Speed  Cor¬ 
rections  -  M  =  2.7  corrections  were  derived  from  supersonic,  linearized 
flat  plate  analyses).  Results  derived  from  wind  tunnel  data  and  struc¬ 
tural  aeroelastic  analyses  show  the  aft  OG  limit  at  46  percent  MAC. 

This  limit  was  selected  to  provide  maneuver  stability  for  the  flexible 
airplane  at  M  =  2.7*  Airplane  loading  requirements  dictate  a  9  percent 
CG  range  thereby  fixing  the  forward  OG  limit  at  37  percent  MAC. 

The  rigid  aerodynamic  center  in  the  linear  range  varies 

dC^ 

from  a  55  percent  MAC  at  cruise  (M  =  2.7)  to  47  percent  at  low  speed 
(M  =  0.20).  This  a.c.  range  represents  the  most  aft  location  in  the  low 

Cl  linear  £_  range  (correspondingly,  the  best  stability)  and  moves 

forward  as  stability  reduces  at  higher  lift  coefficients  (see  Fig.  3-35)* 
However,  wind  tunnel  data  indicate  that  addition  of  leading-edge  flaps 
and/or  radius  enlarr,..,r,cnt  improves  low-speed  stability  and  results  in  a 
52  percent  a.c.  1(  cation  for  low-speed  operation.  These  leading-edge 
devices  will  be  required  up  to  about  M  »  0.9  where  they  can  be  retracted. 

Figure  3-35  indicates  the  range  of  lift  coefficients  for 
which  linear  stability  is  applicable;  level  or  maneuvering  flight  condi¬ 
tions  above  this  range  will  result  in  a  forward  shift  of  the  a.c.  (non- 
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Fig.  3-34  Static  Balance 


linear  stability  range).  Supersonic  cruise  is  within  the  linear  range 

while  takeoff,  landing,  and  most  maneuvering  flight  conditions  are^n 
the  non-linear  range.  The  takeoff  condition  represents  geometry  limit 
attitude  and  results  in  the  meat  forward  a.c.  location  (49  percent  MAC). 
Thus,  the  most  aft  CG  condition  (46  percent  MAC)  provides  a  3  percent 
minimum  static  stability  margin.  It  should  be  pointed  out  that  takeoff 
and  landing  are  executed  with  a  high-lift  canard  which  is  retracted  when 
wing  flaps  are  up.  No  stability  input  is  affected  by  the  canard  at  air¬ 
plane  attitudes  above  9  degrees  (see  Low  Speed  Trim  and  Control). 

Maximum  aeroelastic  effects  on  a.c.  location  are  about  9 
percent  MAC  destabilizing  (forward  shift)  and  occur  in  supersonic  maneu¬ 
vering  flight.  This  results  from  a  theoretical  analysis  (linear  aero¬ 
dynamics)  at  constant  q  (dynamic  pressure)  varying  load  factor.  Wing 
distortion  and  the  accompanying  a.c.  shifts  are  proportional  to  total 
wing  load  changes  --this  change  is  largest  for  varying  load  factor 
(angle  of  attack).  The  greatest  stability  loss  due  to  aerolasticity 
for  the  maneuver  case  occurs  at  maximum  q  (the  dive  placard)  and  results 
in  9  percent  and  8  percent  forward  a.c.  shift  at  M  =  1.2  and  M  =  2.7, 
respectively.  The  corresponding  result  for  maneuver  at  cruise  is  about 
5  l/2  percent  MAC  (see  Fig.  3-34).  Aeroelastic  stability  losses  for  the 
constant  load  factor,  speed  varying  case  are  assumed  relatively  small 
and  therefore  do  not  affect  aft  CG  limit  selection.  The  maximum  wing 
aeroelastic  effects  at  takeoff  and  landing  are  about  1  percent  desta¬ 
bilizing.  Thus,  wing  aeroelastic  effects  compromise  the  static  stabil¬ 
ity  (at  aft  CG)  to  a  minimum  of  2  percent  maneuver  margin  at  takeoff 
and  1  percent  maneuver  margin  at  M  =  2.7-  It  should  be  noted  that  the 

dOm 

slopes,  for  the  maneuver  neutral  points  shown,  were  measured  at  CL 
dCL 

for  1  g;  at  higher  load  factors  the  non-linear  pitching  moment  charac¬ 
teristics  result  in  reduced  stability,  and  stick  force  lightening  or 
reversal  will  occur  unless  forces  are  properly  modified  by  the  artificial 
feel  system. 


Analysis  of  thrust  effects  on  static  longitudinal  stability 
was  not  accomplished;  however,  it  is  anticipated  that  these  effects  will 
be  small. 


b.  Low  Speed  Trim  and  Control 

The  low- speed  longitudinal  trim  and  control  system  consists 
of  three  elevon  panels  and  a  high-lift  retractable  canard.  The  inboard 
eleven  is  used  as  a  flap  during  takeoff  and  landing,  at  which  time  the 
canard  is  extended.  All  three  elevons  are  available  for  trim  and  control 
at  canard  retracted  flight  conditions. 

The  basic,  flaps-up,  control  characteristics  (canard  re¬ 
tracted)  are  shown  in  Fig.  3-36.  Control  is  adequate  at  the  forward  CG 
limit,  where  pull-up  is  available  to  about  l40  knots  at  a  landing  weight 
of  320,000  pounds  (am 21  degrees).  The  pitch  stability  shown  requires  a 
wing  leading-edge  apex  notch  at  the  wing-body  intersection;  this  notch 
is  effective  at  airplane  attitudes  above  20  degrees. 
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Aa  noted  in  Fig.  3-36  the  lift  coefficients  available  at 
ground  limited  attitudes  (Takeoff  12.9  degrees;  landing  11.7  degrees) 
are  very  low.  Trimmed  lift  it  these  conditions  precludes  the  use  of 
flaps.  The  canard  is  used  to  provide  a  positive  Cnjg  such  that  trailing 
edge  flaps  may  be  used;  however,  little  or  no  stability  change  can  be 
tolerated.  Some  stability  loss  will  accrue  at  low  Cl's,  flaps  down,  be¬ 
cause  of  the  canard  (below  airplane  attitudes  of  about  9  degrees).  How¬ 
ever,  the  canard  is  retracted  in  such  a  manner  that  supersonic  stability 
and  performance  are  not  comprised.  The  sequencing  of  the  canard- flap 
operation  must  not  allow  wing  flaps  down  when  the  canerd  is  not  extended. 

Canard  size  is  dictated  by  the  space  limitations  imposed  to 
fully  retract  the  canard  in  the  body.  This  limitation  results  in  a 
volume  coefficient  of  0.033  (exposed  geometry).  Canard  performance  is 
dictated  by  the  flap  moment  input  for  landing,  and  requires  Cx^*^  =  2.5- 
This  performance  is  achieved  by  incorporating  both  leading  and  trai ling- 
edge  flaps.  Estimated  canard  performance  is  shown  in  Fig.  3-36. 

Utilizing  the  inboard  elevon  as  a  flap,  the  high-lift  canard 
results  in  Ci^  =  0.60  and  CLapp  =0.5.  The  outboard  elevons  provide 
adequate  control  for  these  conditions. 

Takeoff  rotation  requires  a  maximum  control  input  of 
0.04  at  the  forward  CG  trimmed  condition  with  flaps  and  canard  set  for 
takeoff.  The  outboard  elevons  provide  about  0.05  Cmo  ard  thus  takeoff 
rotation  can  be  achieved  at  the  forward  CG  limit  of  37  percent  MAC. 

c.  Dynamic  Longitudinal  Stability 

No  dynamic  stability  analysis  has  been  made  for  the  SCAT 
15F-B7;  however,  based  on  previous  analysis  (NASA  SCAT  Contract,  etc.) 
it  appears  from  the  configuration  arrangement  and  inertia  distribution 
that  longitudinal  handling  qualities  without  stability  augmentation  will 
be  characterized  by  sluggish  response  at  low  speed  and  supersonic  cruise 
conditions,  and  poor  damping  at  cruise.  These  characteristics  are 
typical  for  all  SST  configurations  investigated  to  date,  and  are  slightly 
worse  for  tailless  airplanes.  A  pitch  response- quickening  (&  feedback) 
augmentation  system  is  probably  required  for  satisfactory  longitudinal 
handling  qualities  at  all  flight  conditions. 

3. 3.4.2  Lateral-Directional 

a.  Static  Lateral-Directional  Stability  and  Control 

The  static  sideslip  derivatives  for  low- speed  approach  are 
plotted  in  Fig.  3-37.  Directional  stability  (Cm )  is  satisfactorily 
positive  and  nearly  constant  up  to  angles  of  attack  of  20  degrees;  be¬ 
yond  which  stability  increases.  Dihedral  effect  (Clfi)  characteristical¬ 
ly  reflects  the  wing  sweep  influence  and  is  large  at  approach  angles  of 
attack.  The  effect  of  wing  tip  anhedral  is  shown  as  an  attempt  to  reduce 
the  magnitude  of  Ci|  to  improve  low  speed  handling  qualities  and  cross- 
wind  landing  capability. 
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The  low-speed  roll  control  derivatives  plotted  in  Fig.  3*38 
show  the  contribution  of  the  three  elevon  panels  eg,  62 »  e^  to  roll 
control,  and  also  an  additional  roll  control  inboard  spoiler  which  would 
be  used  as  a  dive  brake  and  landing  brake.  The  estimated  maximum  steady- 
state  roll  capability  at  landing  approach  conditions  is  plotted  in  Fig. 
3-39  for  zero  sideslip  conditions.  Adequate  roll  rate  ability  is  t>ro- 
vided  when  all  roll  controls  are  operative.  The  roll  rate  capability 
might  prove  to  be  marginal  at  speeds  less  than  the  normal  approach 
speed  of  153  knots. 

The  maximum  rol^  rate  capability  with  sideslip  at  approach 
is  plotted  in  Fig.  3-40.  The  severe  limitations  of  sideslip  attainable 
is  immediately  apparent  in  view  of  the  fact  that  roll  control  in  one  di¬ 
rection  is  completely  lost  at  a  trimmed  angle  of  sideslip  of  10  degrees 
at  153  knots  approach  speed,  and  at  12.6  degrees  at  175  knots  approach 
speed.  This  results  primarily  from  the  large  dihedral  effect  (C^j)  in¬ 
herent  in  this  highly-swept  configuration.  Drooping  the  wing  tips  14 
l/2  degrees  (maximum  acceptable  for  ground  clearance)  is  seen  to  provide 
a  small  improvement  in  the  sideslip  capability,  and  therefore  has  been 
incorporated  in  the  configuration. 

Providing  a  15  degrees-per- second  roll  rate  capability  (a 
practical  minimum)  limits  the  corsswind  landing  capability  to  90  degree 
crosswinds  of  only  13  knots  magnitude  at  the  nominal  approach  speed  of 
153  knots.  For  this  reason  crosswind  landing  gear  has  been  incorporated 
to  provide  the  capability  to  land  in  90  degree,  30  knot  crosswinds.  The 
special  gear  eliminates  any  need  for  a  "decrab"  maneuver  and  the  associa¬ 
ted  large  lateral  control  requirements. 

The  rudder  capability  to  hold  an  adverse  engine  failure  at 
normal  gross  weight  takeoff  is  presented  in  Fig.  3*4l,  which  indicates 
that  at  the  normal  take-off  CG  of  42  percent  MAC,  full  rudder  at  30 
degree  deflection  will  hold  the  adverse  yawing  moment  at  speeds  above 
1U8.5  knots.  The  Vi  decision  speed  is  normally  at  150  knots  and 
VRotation  at  157.5  knots.  This  design  ensures  that,  for  engine  failures 
occurring  above  speed  and  below  Vp0-tation*  the  adverse  yaw  can  be 
trimmed  with  the  rudder  instead  of  with  nose-wheel  steering  or  differen¬ 
tial  braking.  Provision  would  be  made  to  ensure  that  lateral  control 
capability  is  not  exceeded  by  the  large  rudder  power  available. 

The  static  lateral-directional  derivatives  at  Mach  2.7  are 
plotted  in  Fig.  3-42  for  a  normal  cruise  00  of  42  percent. 

No  flexible  effects  are  presented,  but  it  Is  not  expected 
that  directional  stability  (Cn0)  would  be  reduced  by  more  than  30  percent 
at  the  most  critical  conditions,  thus  retaining  acceptable  characteris¬ 
tics. 

No  cruise  engine-out  data  are  available  and  no  dynamic  anal¬ 
yses  have  been  made  for  this  condition. 
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b.  Dynamic  lateral- Directional  Stability 

The  Dutch  roll  characteristics  of  the  unaugmeated  SCAT  15F- 
B7  airplane  were  calculated  for  the  following  flight  conditions: 

1.  Landing  Approach 

W  =  318,000  pounds,  V  =  153  knots 
SL,  STD  Day 

Undamped  natural  frequency  Wn  =  O.869  RAD/SEC 
Damping  Ratio  fa  *  *215 
*/(*  =  3^7 

*/vc  =  0.783 

2.  Supersonic  Cruise 

W  >■  4U1.000  pounds,  M  =  2.7 

Altitude  =  66,000 

STD  Day 

Undamped  natural  frequency  Wn  =  0.74l  RAD/SEC 
Damping  Ratio  fa  =  O.OO83 
*/P  =  10.29 
*/Vc  =  0,861 

Correlation  of  the  undamped  natural  frequencies  and  damping 
ratios  vith  the  requirements  of  NADC-ED-6282  (MH-F-8785-ASG)  shows  the 
landing  condition  marginally  acceptable.  The  cruise  condition  fails 
below  the  minimum  requirements.  It  is  probable  that  a  triplicated  yaw 
damper  system  will  be  required  to  assure  acceptable  handling  qualities 
at  all  flight  conditions,  and  to  eliminate  the  necessity  for  aborting  a 
flight  when  a  single  yaw  damper  failure  occurs  sometime  after  take-off. 

The  unaugmented  Dutch  roll  characteristics  of  the  SCAT  15F- 
B7  airplane  (Fig.  3-^3)  were  calculated  by  means  of  a  small  disturbance 
solution  of  the  equations  of  motion.  The  static  lateral-directional 
stability  derivatives  were  determined  from  NASA  wind  tunnel  data.  The 
dynamic  lateral-directional  stability  derivatives  were  estimated  from 
data  presented  in  the  USAF  Stability  and  Control  Handbook  (DATCQM), 
from  the  static  stability  derivates  and  from  NASA  SCAT  14  data.  The 
derivatives  are  listed  in  Tables  3-F  and  3-G. 
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ITEM 


SYMBOL 


VALUE 


Weight 

Altitude 

Reference  Geometry  L.E.  =  74° 

Wing  Area 
Wing  Span 
Wing  MAC 

Moments  of  Inertia  in  Body  Axes . 


Inclination  of  Stability  x  Axis 
from  Body  Reference  x  Axis 
Positive  Down 

Equivalent  Airspeed 

True  Air  Speed 

Airplane  Trimmed  Lift  Coefficient 
(CL  =  W/q  Stf) 

Angle  of  Attack  at  Trim 

Airplane  Lift  Curve  Slope 

Center  of  Gravity  Position 

Aerodynamic  Time  (Lat.-Dir.) 

Static  Directional  Stability 

Effective  Dihedral 

Side  Force  Due  to  Sideslip 

Yaw  Damping  Due  to  Yaw  Rate 

Roll  Due  to  Yaw  Rate 

Side  Force  Due  to  Yaw  Rate 

Yaw  Due  to  Roll  Rate 

Roll  Damping  Due  to  Roll  Rate 

Side  Force  Due  to  Roll  Rate 


"TRIM 

CL. 

CG 

b/2VT 


441000 

LBS. 

66000 

FT. 

8000 

FT.2 

105 

FT. 

98 

FT. 

4.3  .  10° 

SLUG  FT.2 

>9.4  x  106 

SLUG  FT.2 

J3.7  .  106 

SLUG  IT.2 

0. 

SLUG  FT.2 

1.5 

DEG. 

405 

EES. 

2610 

FT. /SEC. 

.0972 

1.5 

DEG. 

1.55 

RAD."1 

.42 

.02 

SEC. 

.0268 

RAD."1 

-.0545 

RAD."1 

-.286 

RAD.’1 

-.18 

RAD."1 

.0012 

RAD."1 

.018 

RAD.’1 

-.0044 

RAD."1 

-.12 

RAD.’1 

.0262 

RAD.’1 
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rm 

SYMBOL 

VALUE 

DIMERSK 

Weight 

W 

318000 

LBS. 

Altitude 

Reference  Geometry  L.E,  *  jk° 

h 

SL 

FT. 

Wing  Area 

Sw 

8000 

FT.2 

Wing  Span 

b 

105 

FT. 

Wing  MAC 

7 

98; 

FT. 

Moments  of  Inertia  in  Body  Axes 

Jxx 

3.0x10° 

c. 

SLUG  FT 

Iyy 

26.9x10° 

30.5xl06 

SLUG  FT 

*zz 

SLUG  FT 

Inclination  of  Stability  x  Axis 
from  Body  Reference  x  Axis 

*xz 

0 

SLUG  FT 

Positive  Down 

6 

DEG. 

Equivalent  Airspeed 

Ve 

153 

KTS. 

True  Air  Speed 

Airplane  Trimmed  Lift  Coefficient 

V 

T 

254 

FT. /SEC 

(CL  -  W/q  V 

CL 

.46 

Angle  of  Attack  at  Trim 

“trim 

11. 

DBG. 

a 

Airplane  Lift  Curve  Slope 

CL« 

1.95 

RAD. 

Center  of  Gravity  Position 

CG 

.37 

Aerodynamic  Time  (Lab. -Dir.) 

Vsvt 

.2067 

SBC. 

Static  Directional  Stability 

Ctfi 

.086 

RAD."1 

Effective  Dihedral 

-.166 

RAD."1 

Side  Force  Due  to  Sideslip 

-.115 

RAD."1 

Yaw  Damping  Dae  to  Yaw  Rate 

-.149 

RAD."1 

Roll  Du.  to  Yaw  Rate 

C«r 

.156 

RAD."1 

Side  Force  Due  to  Yaw  Rate 

CYr 

.275 

RAD."1 

Yaw  Due  to  Roll  Rate 

% 

-.0136 

RAD. 

_ -1 

Roll  Damping  Due  to  Roll  Rate 

C|P 

-.227 

RAD. 

Side  Force  Due  to  Roll  Rate 

% 

.780 

RAD."1 

4.0  CQNPIQrUEATIC® 

Design  objectives  for  tbe  SCAT  15-F-220  Included  a  capacity  for 
220  passengers.  However,  the  available  data  Indicated  that  the  nixed 
class  (10  percent  first  class  and  90  tourist)  Interior  arrangement  would 
accommodate  no  more  than  198  passengers  (SCAT  1J5F-B1,  Fig.  4-1), 

Tbe  body  of  the  airplane  was  lengthened  and  the  cross-section 
enlarged  in  order  to  accommodate  a  43,000  pound  payload  (Boeing  SCAT 
15F-B2,  Fig.  4-2).  A  complete  performance  evaluation  vas  made  of  this 
model. 


A  number  of  configurations  were  studied  to  obtain  improved  low- 
speed  performance.  Mid-chord  flaps,  conventional  aft  stabilizer,  low 
speed  canard,  boundary  layer  control,  etc.  rfere  investigated.  Table  4-A 
lists  the  various  configurations  for  which  three-view  drawings  were  pre¬ 
pared.  Only  the  configurations  of  major  interest  are  discussed  in  this 
report. 


SCAT  15F-B7  with  a  canard  was  found  to  most  nearly  meet  the 
design  objectives.  The  configuration  is  shown  and  described  in  Section 
4.1. 
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4.1  CONFIGURATION  DESCRIPTION 

The  geometric  data  required  to  determine  aerodynamic  character¬ 
istics  of  the  configuration  are  presented  In  the  following  figures  and 
tables. 


Figure  4-3 
Figure  4-4 
Figure  4-5 
Figure  4-6 
Figure  4-7 
Table  4-B 
Table  4-C 
Table  4-1 
Table  4-E 
Table  4-F 
Table  4-G 
Table  4-H 


General  Arrangement  Drawing 
Wing  Planform 

General  Arrangement  Drawing  1/50  Site 
Interior  Arrangement  -  Passenger 
M  2.7  Aero  Distribution 
Wing  Geometry 
Wing  Airfoil  Data 
Vertical  Stabilizer  &  Rudder  Data 
High  Lift  Devices 
Control  Devices 
Canard  Data 
Wetted  Areas 
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- 2 - 

Reference  Wing  Area,  ft. 

- 2 - 

8ooo  ft. 

Reference  MAC  Ft. 

97' 10" 

Leading  Edge  Sweep: 

Inboard  of  Vertical  Stabilizer 
Outboard  of  Vertical  Stabilizer 

74.0° 

65.210* 

Sweep  at  .25  Chord 

70* 

Dihedral j 

Inboard  of  Vertical  StaHlizer 
Outboard  of  Vertical  Stabiliser 

0* 

-14.5* 

Angle  of  Incidence  of  Wing  Reference 
Plane  to  Fuselage  Reference  Plane 

-4 .667* 

Angle  of  Incidence  of  Root  Chord  to 
Fuselage  Reference  Line 

-0.50* 

Angle  of  Incidence  at  Vertical 
Stabiliser 

-5.45* 

Wing  Span  -  Ft. 

112  *2" 

M/A/6  APFA  M/nour  t.£.  f/ubt :  3000  FT* 
TOTAL  M/36  A  fit  A  S39S.  $76  FT* 

2  J  8AC[D  on  8000  FT 1 
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lih  4-D  Vertical  Stabilizer  &  Rudder  Date 


At  either  wing  B.L.  504.746,  75$  span*  one  vertical 
stabilizer  is  located,  inclined  inboard  2°  against  Tree 
stream,  extending  above  &  below  wing  chord  plane* 

Each  stabilizer  has  the  following  geometry : 


Area  ft2  340  ft2 

Span  18* 5" 

Taper  Ratio  *20 

Aspect  Ratio  1.0 

Sweep  at  25$  Chord  57*6° 

MAC  21' '2" 

Location  of  L.E.  MAC  Vertically  from 

Root  7'2'‘ 

Tail  Arm  from  40$  Wing  MAC  to  25$  MAC 

Stabilizer  6x»10'! 

Tall  Volume  Coefficient  (Ref.  Wing, 

Ref*  MAC)  .0*^7 

Rudder : 

Area  113  ^ 

Span  18 '5" 

Chord  6'1" 


9MIIII 


TM*4~t  Hifk  Lift  OeWe*# 

XSBOftHD  7IAP 

Distance  frca  f,A/C  to 

Inboard  Edge  (Avs. ) 

Outboard  Edge 

Max  Deflection  (Dwn) 

Area  (Total)  Ft® 

Ground  Clearance: 

To  13  lA°  ground  line 

LEADING  EDGE  SLATS 

Distance  £  A/C  to  Inboard  Edge 
Distance  £  A/C  to  Outboard  Edge 
A vc.  Chord  Length  (Streaatwise ) 

Area  Total 


4*3" 

Ik '5* 
13* 

300  ft2 


I 

II 

m 

IV 

T‘l" 

15' 6” 

24*1" 

3P-'7n 

15*5" 

24' 

32’6" 

4l*l" 

14  •  8" 

12*2" 

10' 

7*4" 

280 

210 

170 

130 

Tab/*  4-F  Contra/  Dav/ cat 

SPOILERS 

Area  Ft2 

Chord  Length 

Chord  $  Loc,  Wing  Chord 

Span 

Sparrwise  Location 
Distance  £  A/C  to  Inboard  Edge 
Outboard  Edge 

ELEVQNS 
Area  (Total) 

Distance  g  A/C  to  Inboard  Edge 
Outboard  Edge 

Chord  Length 
Span 

*  Local  Wing  Chord 


4 '8” 
15*  3” 


142 

150 

217 

12  *  11" 

33* 

41' 8" 

21*  3” 

40'8" 

56' 1M 

l4'9" 

10' 

7*9” 

8' 4” 

7*8" 

14 '.5 

17.5* 

23^ 

44* 

00 


Tskh  4-6  Conan  Date 


Canard  exposed  only  during  subsonic  flight. 

Area  (Exposed) 

200  ft2 

Chord  Length 

8'V 

Span 

33' V* 

Aspect  Ratio 

2.9 

Taper  Ratio 

1.0 

SSiickness  Ratio 

l4$ 

Distance  .25c  to  .UOc  wing 

128' 9” 

Volume  Coefficient  Based  on  Ref. 

Wing  &  Reference  MAC 

.033 

L.E.  Device 

Area 

20  ft2 

T.E.  Device 

Area 

60  ft2 

Tablt  4-H  WattM  Areas 


Ft2 

Fuselage 

7900 

Wing 

12560 

Vertical  Stabilizer 

IS1*** 

Nacelles 

2^52 

24252 

5.0  ECONOMICS 

The  economics  of  the  SCAT  15F-B7  airplane  have  been  analysed 
using  the  ground  rules  set  forth  in  FAA  Phase  II-A.  Direct  operating 
costs  are  given  for  the  airplane  with  the  General  Electric  GE4?J'5G  and 
the  Pratt  &  Whitney  STF  219B  engines. 

Figure  5-1  shows  the  payload  range  and  operating  cost  of  the 
SCAT  15F  airplane  with  both  engines  compared  with  the  707- 320B  Phase 
II-A  Standard.  At  the  design  range,  SCAT  15F-B7  has  a  direct  operating 
cost  of  .92  cents  per  seat  statute  mile  with  GE4/J5G  engines,  or  1.04 
cents  per  seat  mile  with  P&W  STF  219B  engines.  A  comparison  with  the 
707-320B  standard  at  4,000  statute  miles  shows  DOC's  8  percent  lower 
for  SCAT  15F-B7  with  GE4/J5G  engines  or  4  percent  higher  with  P&W  STF 
219B  engines.  These  airplanes  have  a  community  noise  level  similar  to 
that  of  the  707-320B  at  the  same  range. 

Variations  in  the  design  level  of  community  noise  as  well  as 
maximum  range  have  an  effect  on  the  operating  characteristics  of  an 
airplane .\  The  estimated  prices  and  DOC's  resulting  from  a  parametric 
analysis  of  SCAT  15F  type  airplanes  are  shown  in  Figs.  5-2,  5-3#  and 
5-4.  The  prices  shown  in  Figs.  5-2  and  5-3  are  based  on  1964  dollars 
and  exclude  development  cost.  The  total  price  of  the  SCAT  15F-B7  air¬ 
plane  with  GE4/J5G  engines  is  $22.2  million  and  with  P&W  STF  219B  engines 
the  price  is  $24.84  million.  The  airframe  price  for  the  733-290  is  shown 
in  Fig.  5-2.  The  variation  in  airframe  price  for  the  SCAT  15F-B7  and 
the  733-290  is  discussed  in  Section  8  Manufacturing  Feasibility. 

The  direct  operating  costs  of  the  SCAT  15F  airplane  are  shown 
with  the  GE4/J5G  engine  and  the  P&W  STF  219B  (2200°F)  engine  in  Fig.  5-4. 
The  amortization  of  development  costs  has  been  included  as  a  royalty  in 
conformance  with  Phase  II-A  rules.  The  development  cost  of  the  SCAT 
15F-B7  airplane  with  the  GE4/J5G  engine  requires  the  amortization  of 
3.437  million  dollars  per  airplane  (3OO  airplanes),  or  $76.37  per  block 
hour.  With  the  P&W  STF  219B  engine  the  development  cost  is  5 >203  million 
dollars  per  airplane  or  $115.63  per  block  hour. 

For  a  constant  design  range,  the  airplane  with  the  GE  engine 
i3  quite  sensitive  to  a  change  in  design  noise  level  (Fig.  5-4).  A 
change  in  noise  level  from  112  PNdb  to  105  PNdb  at  the  design  range  of 
4,000  statute  miles  results  In  an  Increase  in  DOC  of  17  percent  for  the 
airplane  with  the  GE  engine,  while  a  similar  change  in  noise  level 
produces  an  increase  of  5  percent  for  the  P&W  engine  configuration. 

For  a  constant  noise  level  the  two  configurations  show  similar  effects 
of  change  in  design  gross  weight. 

The  effect  of  change  In  airframe  price  and  the  related  change 
in  DOC  is  shown  in  Fig.  5-5*  The  trade  plot  has  been  made  for  the  base 
configuration,  SCAT  15F-E7,  with  the  GE4/J5G  engine.  The  base  airframe 
price  is  17.8  million  dollars.  The  graph  shows  that  a  change  of  10 
percent  ($1.78  million)  in  airframe  price  results  in  a  2.2  percent  in¬ 
crease  in  DOC. 
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6.0 


WEIGHTS,  BALANCE  AND  MOMENT  OP  INERTIA 


6.1  WEIGHT  VALIDATION 

Hie  airplane  matching  studies  (Section  3.2*l)  used  the  Operating 
Empty  Weight,  less  propulsion  pod  and  propulsion  pod  weight  curves  shown 
in  Figs.  6-1  and  6-2.  ^ 

The  configuration  selected  as  a  result  of  the  above  studies,  is 
shown  in  Pig.  4-5.  Die  interior  accommodations  (Pig.  4-6)  are  for  a 
basic  mission  payload  of  215  mixed-class  passengers  and  baggage  at  200 
pounds  per  passenger  for  a  total  of  43,000  pounds. 

A  summary  of  weights  for  this  airplane  is  shown  in  Table  6-A. 

A  Group  Weight  Statement  with  horizontal  arms  is  provided  in  Table  6-B. 

In  general,  the  design  philosophy,  materials,  construction, 
allowables,  analysis  methods,  etc.,  used  here  are  the  same  as  those  of 
the  Boeing  Model  733-290  (D6-8680-6,  Book  2). 

A  weight  substantiation  of  the  Operating  Empty  Weight  is  pro¬ 
vided  in  Sections  6.1.1  through  6.1.21. 

Tab/*  6-A  Weight  summary 


Manufacturer's  Empty  Weight 
Standard  Items 
Basic  Empty  Weight 
Operational  Items 
Operational  Empty  Weight 

Number  First  Class  Passengers 
Number  Tourist  Passengers 
Passenger  and  Baggage  (200  lbs  each) 

Space  Limited  Payload  (225  passengers) 

Allowable  Payload 
Max  Zero  Fuel  Weight 
Max  Design  Landing  Weight 
Max  Design  Taxi  Weight 
Fuel  Capacity  at  6.7  lbs /gal 
AMPR  Weight 

Airframe  Weight  ( AMPR) (Economic) 

6.1.1  Wing  65,620  pounds 

The  wing  structural  arrangement  is  shown  in  Fig.  4-4.  Die 
materials,  construction  and  allowables  are  basically  the  same  as  the 
Boeing  Model  733-290. 


Lbs. 

223,980 

1,780 

225,760 

4,740 

230,500 

(22) 

(193) 

43,000 

52,200 

59,100 

289,600 

340,000 

500,000 

256,000 

171,400 

181,000 
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To  bio  6-8  Group  Weights 


r — - - 

|  Weight 

Am 

Wing  Group 

65,620 

2,570 

Canard 

3,340 

850 

Vertical  Tail 

4,420 

3,170 

Body  Group 

32,720 

1,850 

Main  Landing  Gear 

23,125 

2,48? 

Nose  Gear 

2,020 

1,150 

Nacelle 

9,220 

2,865 

Total  Structure 

(140,465) 

(2,363) 

Engine  (incl.  T.R.) 

43,920 

3,090 

Engine  Accessories 

650 

2,825 

Engine  Controls 

250 

2,910 

Starting  System 

350 

2,768 

Fuel  System 

3,750 

2,490 

Total  Propulsion  Group 

(48,920) 

(3,037) 

Instruments 

1,115 

890 

Surface  Controls 

5,770 

2,530 

Hydraulics 

2,175 

2,440 

Electrical 

4,705 

1,665 

Electronics 

1,515 

750 

Furr.ishings 

12,165 

1,895 

Air  Conditioning 

3,790 

2,390 

Anti -Icing 

220 

2,840 

Insulation 

3,135 

1,965 

Total  Fixed  Equipment 

(34,595) 

(1,988) 

.Manufacturer's  Empty  Weight 

223,980 

2,452 

Unusable  Fuel 

470 

2,4l4 

Unusable  Oil 

250 

3,030 

Emergency  Equipment 

325 

1,795 

Unusable  Water  -  Wash  &  Drink 

10 

1,314 

Toilet  Water  &  Chemical 

125 

2,484 

Galley  Structure 

600 

1,314 

Total  Standard  Items 

(1,780) 

(2,015) 

Basic  Empty  Weight 

225,760 

2,448 

Crew  and  Crew  Baggage 

1,385 

1,410 

Usable  Oil 

60 

3,030 

Emergency  Equipment 

1,436 

1,770 

Usable  Water  -  Wash  &  Drink 

367 

1,314 

Passenger  Service  Equipment 

559 

1,916 

Food  &  Beverage 

264 

1,314 

Galley  Service 

669 

1,314 

Total  Operational  Items 

(4,740) 

(1,573) 

Operational  Empty  Weight 

230,500 

2*431 
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The  weight  analysis  used  ie  as  described  for  the  733 “290  with 
the  following  modifications: 

•  Interspar  splices  and  joints  nod  rib  wight  lectors  have  been 
increased  to  reflect  the  lower  end  load  level  of  this  vlng. 

•  Control  surface  and  secondary  structure  unit  weights  used  are  based 
on  the  733 “290  values. 


Rie  ultimate  wing  shears,  moments  and  torsions  are  shown  in 
Section  ?.  The  average  theoretical  bending  material  is  shown  in  Pig 
6-3. 

6. 1.1.1  Design  Data 

Area 

Ref. 

Gross 

8000 

8396 

Leading  Edge  Sweep 
Aspect  Ratio 

Taper  Batio 
Thickness  Batio 

74°, 

65* 

1.57 

.040 

2.75  Average 

6. 1.1. 2  Weight  Substantiation 

Table  6-C  lists  wing  weight  details. 


TabU  6-C  Dutail  Win  §  Wtight 


Bending  Material  (See  Fig.  6-3) 

15,250 

Shear  Material 

2,290 

Splices  and  Joints 

45^  B.M. 

6,865 

Interspar  Ribs 

45#  B.M. 

6,865 

Center  Section 

1,610 

Forward  Strake 

At  5.50  PSF 

13,090 

Forward  Strake  -  Slats 

At  5.65  PSF 

4,405 

Outboard  Leading  Edge 

At  3.67  PSF 

1,250 

Vertical  Tail  Supt.  and  Penalty 

1,000 

Trailing  Edge 

4.25  iribd,  2.63  outbd. 

2,820 

T.E.  Flaps 

At  6.0  PSF 

1,750 

Elevens 

At  6.0  PSF 

2;  *35 

Spoilers 

At  3.0  PSF 

220 

Engine  Support  Structure  Penalty 

i,4oo  | 

Landing  Gear  Doors 

At  4.3  PSF 

1,250 

Access  Doors 

(-29O) 

560 

Tip 

At  4.0  PSF 

550 

Miscellaneous 

TOTAL 

65,620  lbs 
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6.1.2  Canard  3,31*0  pentads 

The  canard  is  a  retractable  surface  with  leading  sad  trailing 
edge  high  lift  devices. 

Construction  materials  and  allowables  are  similar  to  the 
733*290  wing.  The  Unit  Weight  used  is  based  on  empirical  data  with  an 
allowance  for  a  pivot  and  movable  fairings. 

6. 1.2.1  Design  Data 


Area  (Exposed) 

200  sq  ft 

(Gross) 

278  sq  ft 

Leading  Edge  Sweep 

0  degrees 

Aspect  Ratio  (Exposed) 

2.5 

Taper  Ratio 

1.0 

Thickness  Ratio 

14% 

6. 1.2. 2  Weight  Substantiation 

Basic  Surface  2?8  sq  ft  (9.0  PSF)  -  2500  lbs 
Pivot  Penalty  (Canard)  ■  270 

Pivot  Structure  (Body)  -  330 

Body  Fairing  Doors  and  Actuation  «  240 

6.I.3  Vertical  Tail  4,420  pounds 

The  vertical  tail  consists  of  two  fixed  fins,  with  single 
segment  rudders,  mounted  on  the  outboard  wing. 

Construction,  materials,  and  allowables  are  similar  to  those 
on  the  733-290  vertical  tail. 

The  Unit  Weight  used  is  based  on  the  733-290  values  considering 
the  changes  in  geometry  and  loading. 

Due  to  the  fact  that  local  wing  structure  is  designed  by  fin 
loads,  the  attachment  penalty  is  carried  in  wing  structure  weight. 

6.1.3.1  Design  Data 


Area 

Leading  Edge  Sweep 
Aspect  Batio 
Taper  Ratio 
Thickness  Ratio 

6. 1.3. 2  Weight  Substantiation 

340  sq  ft  (6.5  PSF)  «  4420  lbs 


340  sq  ft  each 
62  degrees 
1.0 
.2 

3.0* 
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6.1.4  Body  32/720  fnafta 

Construction,  mats  rial*  and  allowables  used  axe  th*  sane  a a  on 
the  733*290.  The  analysis  method,  unit  weights,  etc,,  used  axe  the  Sana 
as  described  in  D6-868O-6  (733-290). 

The  relative  weight  saving  resulting  tram  the  absence  of  feel 
and  empennage  is  partially  offset  by  the  canard  and  longer  body. 


6. 1.4.1  Design  Data 

Body  loads  are  shown  in  Section  7«  Effective  depth  is  shown 
in  Pig.  6-4. 

6. 1.4. 2  Weight  Substantiation 

Table  6-D  lists  body  weight  details. 

3he  monocoque  material  distribution  is  shown  in  Fig.  6-5. 

Due  to  the  additive  canard  load,  the  positive  bending  on 
dynamic  landing  may  become  critical  for  a  portion  of  the  forebody.  Tins 
did  not  allow  a  complete  analysis  of  this  condition  therefore  an  esti¬ 
mated  penalty  of  800  pounds  has  been  included  in  the  structure. 


Tab/*  6-0  Data//  Body  Weight 


Monocoque  (Skin  and  Stringers) 

[See  Fig.  6-5) 

13,820  lbs 

Frames  (including  Tear-Stoppers) 

22$  (Monocoque) 

3,040 

Bulkheads  (-290)  -  Fuel 

2,380 

Floors  and  Floor  Supports 

At  3.7^  and 

1.45  PSF 

4,010 

Doors,  Hatches,  and  Operating  Mechanisms 

-290 

2,960 

Windows  and  Window  Frames 

A 

410 

Canopy 

I 

1,690 

Windshield 

T 

880 

Nose  Wheel  Well  Cutout  Penalty 

-290 

500 

Tail  Cone 

At  1.7  PSF 

200 

Keel  Chord 

880 

Wing -Body  Fairing  (incl.  Canard) 

320 

Stabilizer  Cutout  Penalty 

-290 

240 

Wing-Body  Attachment  Fittings 

1 

240 

Production  Joints 

V 

90 

Seam  Seal  and  Finish 

-290 

180 

Miscellaneous 

880 

1  TOTAL  WEIGHT 

i- 

6.1.5  Main  Landing  Gear  23,125  pounds 

The  main  gear  is  wing  mounted,  refracting  inboard  into  the 
wing.  Each  truck  has  six  wheels  and  tires.  The  gear  has  crosswind 
landing  features. 
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6. 1.5.1  Design  Data 


Maximum  Design  Taxi  Weight  500,000  U* 
Maximum  Design  Landing  Weight  340,000  lbs 
Length  (Trunnion  to  Static  Ground  Line)  184  in. 
Tires  (12)  46  X  16  T^e  VII 

6.1. 5.2  Weight  Substantiation 


733-290  (four  wheel  truck  129  in. long) 
Length  Increase  (184-129) 

2400  /,-cN 

"35“  (55) 

Six  Wheel  Truck 

Tires  46  X  16-inch  (40  X  14) 

12  (170) -1920 

Wheels 

12  (150) -1720 

Brakes 

2130-2520 

Air 

105-90 

Crosswind  Feature 


17,050 

«  +  4,400 

-  +  1,400 

•  ♦  120 

-  ♦  80 

-  -  390 

■  ♦  15 

«♦  ,450 


6.1.6  Nose  Gear  2,020  founds 

The  nose  gear  is  similar  to  the  733-290  with  the  exception  of 
a  length  increase  of  46  inches.  \ 


6. 1.6.1  Weight  Substantiation 


Length  Increase 

865  +  (785) 


(147-100 -in) 

-  2020  \ 

\ 


6.1,7  Nacelle 


Inlets  (4)  (2000) 
Engine  Cowl  (4)  (  305) 


9,220  pounds 

-  8000.1b 

-  1220  lb 


The  inlet  and  cowl  design,  construction,  materials  and  allow¬ 
ables  are  the  same  as  the  733-290. 


The  weights  have  been  scaled  from  the  733-290  to  reflect  the 
Increased  engine  airflow  requirements. 

6. 1.7.1  Design  Data 


Engine  GE4/J5G 

Airflow  (Sea  Level  5&0  lb/sec 

Static) 

Mach  No.  •  Cruise  2*7 

Inlet  Face  2.55 
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6. 1.7.2  Weight  Substantiation 

Inlet  1670  (|^)  1.1  -  2000  1% 

Engine  Cowl  250  ($^)  1.2  -  305  lb 

6.1.8  Engine  (Boeing  Installed)  4  (10980)  43,920  pounds 

The  engine  is  a  GE4/J5G  augmented  turbojet.  The  weight  is 
scaled  from  the  733*290  to  reflect  the  Increased  airflow  requirement. 

6. 1.8.1  Design  Data 


Cruise  Mach  Number 
Sea  Level  Static  Airflow 
Fully  expanded  convergent  - 
Divergent  nozzle 

6. 1.8. 2  Weight  Substantiation 


2.7 

560  lb/sec 


-  10,980  lbs 


6.1.9  Engine  Accessories  «  650  lbs 

6.1.10  Engine  Controls  >  P50  lbs 

6.1.11  Starting  System  ■  350  lbs 

Btievabove  systems  are  assumed  the  same  as  the  733*290  values. 

6.1.12  Fuel  Syvt'm  3,750  pounds 

The  fuel  r-rstem  design,  materials,  etc.,  are  the  same  as  the 

733*290  with  the  elimination  of  body  fuel  cells. 


6.1.12.1  Design  Data 


System  Capacity  38,210  U.  S.  Qal. 

256,000  lb  at  6.7  lb/gal 


6.1.12.2  Weight  Substantiation 

733*290  Fuel  System  5,100  lbs 

Delete 

Body  fuel  cells  -l,l£l 

Miscellaneous  Plumbing  and  Vents  -  109 

6.1.13  Surface  Controls  5,770  pounds 

The  system  is  based  on  the  same  design  philosophy  as  the 

733*290. 


The  weights  have  been  adjusted  to  account  for  surface  functions, 
changes  and  deletions. 
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6.1.13*1  Weight  Substantiation  -'?W  t'  B 

733 -29C  System  Weight  «.’■  4  ^8,370  Vb: 

■  Delete 

Sweep  Actuation  System  <■* ,  ..’-v  2,708 , 

Horizontal  Stabilizer  System  *•:  -  924 

Horizontal  Stabilizer  Hap 

System  •  •  •  ’  381 

Outboard  Spoilers  «  .  263 

Inboard  and  Outboard  Flaps  -  652 

Aileron  System  -  824 

Add 

Second  Fin  Penalty  +  320 

Eleven  System  +  2,470 

Canard  System  +  360 


The  following  systems  are  assumed  the  same  as  the  733-290 
considering  the  increased  cabin  and  run  lengths. 


System 

733-290  Weight 
Pounds 

A  Weight  for 
Length  (pounds) 

Total  Weight 
(pounds) 

6.1.14 

Hydraulics 

2,100 

+ 

75 

2,175 

6.1.15 

Electrical 

4,440 

+ 

265 

4,705 

6.1.16 

Furnishings 

11,620 

+ 

545 

12,165 

6.1.17 

Air  Conditioning 

3,720 

+ 

70 

3,790 

6.1.18 

Insulation 

2,880 

+ 

255 

3,135 

6.1.19 

Electronics 

The  electronics  weights  reflect 

1,515  pounds 
a  wire  weight  saving  by  moving 

the  compartments  to  the  upper  lobe  locations. 
6.1.19.1  Weight  Substantiation 


733-290  System  Weight  1,810 

Additional  Run  Length  +  25 

Move  to  Upper  Deck  -  320 

6.1.20  Unusable  Fuel  470  pounds 

The  reduction  of  the  body  fuel  cells  and  the  associated  plumb¬ 
ing  allows  a  reduction  in  unusable  fuel. 

Weight  Substantiation 

733-290  Weight  550 

Delete  Body  Cells  -  80 


6.1.21 


Remaining  Weights 

All  remaining  weights  are  assumed  to  be  the  sane  as  the  733-250. 
6.2  Balance 

The  balance  and  loading  characteristics  of  this  aaet 

the  following  objectives : 

e  It  is  a  completely  loadable  airplane  with  no  ballast  requirements* 
e  No  seating  restrictions  are  necessary. 

e  One  standard,  simple,  fuel  loading  and  management  procedure  is  used 
for  all  missions.  It  does  not  require  computer  or  m""*1  switching 
to  achieve  minimum  of  travel  of  the  airplane  center  of  gravity  as 
fuel  is  consumed. 

e  Flexibility  in  loading  is  provided  with  forward,  mid,  and  aft  loca¬ 
tions  of  cargo  compartments. 

6.2.1  Airplane  Balance  Data 

Hie  Basic  Mission  balance  diagram  is  shown  in  Fig.  6-6. 

6.2.2  Fuel  Management 

Hie  fuel  system  consists  of  four  main  fuel  tanks  which  are 
loaded  and  used  equally. 

6,3  Moment  of  Inertia 

The  basic  mission  inertia  diagram  is  shown  in  Fig.  6-7. 
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7.0  AIRFRAME 

7.1  CONSTRUCTION  AND  MATERIALS 

The  structural  design  concepts  and  methods  of  analysis  for  the 
SCAT  15F-B7  are  consistent  with  those  used  for  the  Boeing  supersonic 
transport.  This  study  takes  advantage  of  improvements  in  structural 
technology  presented  in  Phase  II -A. 

Skin-stringer  construction  of  Ti  8-1-1  alloy  material  is  used 
for  the  primary  structure  of  the  wing,  body,  canard,  and  empennage  com¬ 
ponents  .  Material  properties  used  are  the  same  as  those  for  the  Phase  II 
proposal  (Reference  D6-8680-6,  Volume  VI -A,  Table  3-A). 

A  polyimide  bonded  honeycomb  structure  is  used  for  secondary 
structures  such  as  strake,  and  leading  and  trailing  edge  surfaces. 
Allowables  for  this  type  of  construction  are  the  same  as  those  used  for 
the  Phase  II-A  report  and  are  shown  in  D6-8680-6,  Fig.  7-11. 

The  primary  material  used  for  the  main  and  nose  gear  structure 
is  4340  M  vacuum  remelt  steel,  heat  treated  to  270-330  ksi .  Reference 
page  8-37d  of  P6-2400-10,  Volume  A-IV  for  allowables,  and  1)6-1764-0  for 
justification  of  material  selection. 

Figure  4-4  (Section  4.0)  shows  the  wing  structural  arrangement 
consisting  of  skin-stringer  construction  with  27-inch  rib  spacing  for 
the  primary  beam.  The  strake  has  rx  honeycomb  surface  with  30-inch  rib 
spacing.  The  strake  loads  are  carried  through  the  body  frames  at  60-inch 
intervals . 

The  general  arrangement  of  the  canard  support  structure  is 
shown  in  Fig.  7-1*  Loads  are  transferred  from  a  tube  imbedded  in  the 
canard  through  two  teflon  bearings  to  the  body  support  structure.  Ver¬ 
tical  and  side  loads  are  transferred  through  the  floor  beams  at  body 
stations  840  and  860  to  the  monocoque  structure.  Drag  loads  are  trans¬ 
ferred  to  the  fuselage  floor  through  intercostals  at  BBL  20  on  each 
side  of  the  bearing  support  structure. 

The  mechanism  for  rotating  the  canard  and  extending  the  flaps 
and  slats  Is  shown  in  Fig.  7-2.  The  actuation  system  for  rotating  the 
canard  from  the  stowed  to  the  operating  position  is  a  ball-screw  driven 
by  a  differential  gearbox.  The  gearbox  is  powered  by  three  hydraulic 
motors,  each  of  which  is  supplied  by  a  separate  hydraulic  system.  The 
leading  edge  slats  and  trailing  edge  flaps  on  the  canard  are  actuated 
with  b?  .11-screws  powered  by  drive  shafts  through  the  canard  pivot  from 
a  single  gearbox  located  in  the  fuselage.  The  gearbox  is  powered  by 
two  hyin*aulic  motors,  each  of  which  is  supplied  by  a  separate  hydraulic 
system. 


7.2  CRITERIA 

Design  loads  criteria  for  the  structural  design  are  consistent 
with  criteria  presented  in  Section  4,  D6-2400-10,  Volume  A-IV,  of  the 
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Phase  I  proposal.  Modifications  are  made  only  where  required  to  conform 
to  config^wuion  and  mission  profile  differences. 

The  structural  design  flight  envelope  for  the  SCAT  15F-B7  is 
shown  in  Fig.  7-3* 

The  variation  of  design  gross  weight  with  altiL.  de  is  shown  in 
Fig.  7-4.  Other  structural  design  gross  weights  for  the  SCAT  15F-B7 
are  as  follows : 

Maximum  Design  Taxi  Weight  500,000  pounds 

Maximum  Design  Flight  Weight  at  S.L. 

Flaps  Down  497>000  pounds 

Flaps  Up  495,000  pounds 

Maximum  Design  Landing  Weight  340,000  pounds 

Flight  conditions  influencing  the  structural  design  of  major 
components  are  shown  on  the  V-n  diagrams  in  Fig.  7-5-  Positive  gust 
load  factor  variation  with  gross  weight  is  shown  in  Fig.  7-6.  A  dynamic 
magnification  factor  of  1.2  is  applied  to  An  for  design  of  wing  and 
hody  structure.  This  factor  is  not  included  in  Fig.  7-6. 

7.3  LOADS 

Figure  7-7  shows  the  wing  load  reference  axis  and  the  box  beam 
structural  arrangement  for  the  SCAT  15F-B7  that  is  subjected  to  the  net 
loads  applied  on  the  wing  area  aft  of  body  station  ijSO.  Net  wing 
shear,  moment,  and  torsion  along  the  load  reference  axis  is  shown  in 
Figs.  7-8  and  7-9  for  the  two  most  critical  conditions.  Elastic  wing 
airload  distribution  is  based  on  the  wing  stiffness  shown  ill  Fig.  7-10* 

Figure  7-11  gives  a  comparison  of  the  relative  wing  cover  panel 
weight  for  the  critical  design  conditions.  It  clearly  shows  that  the 
supersonic  condition  is  critical  for  the  upper  and  lower  wing  surface. 
The  wing  surfaces  at  the  fin  attachment  point  and  for  a  distance  of 
50  inches  inboard  of  the  fin  joint  are  critical  for  fin  gust  conditions 
which  are  about  20  percent  more  critical  than  the  supersonic  condition 
at  the  fin  joint.  This  local  effect  is  r.  *  shown  in  Fig  7-11.  Wing 
cover  panel  allowables  used  for  determining  the  required  wing  structural 
material  are  the  same  as  those  used  in  Phase  I  (Reference  D6-2400-10, 
Volume  A-IV,  Book  2,  Fig.  8-4). 

Fuselage  shears  and  moments  are  shown  in  Figs.  7-12  and  7-13* 

The  dynamic  landing  condition  values  shown  are  based  on  a  preliminary 
estimate  of  magnification  factors  obtained  using  data  frcm  the  733-290 
with  corrections  for  change  in  body  length.  Fuselage  structural  panel 
allowables  are  the  same  as  those  used  in  Phase  I  proposal  (Reference 
D6-2400-10,  ligs.  0-l6  through.  8-19) . 
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The  preliminary  ultimate  design  canard  load  is  100  kips  and  is 
based  on  the  following  data: 

Max  Canard  =  2.5 

M  =  .3  at  sea  level 

2 

Exposed  Canard  Area  =  200  feet 

7.4  FLUTTER  EVALUATION 

Evaluation  of  the  SCAT  15F  configuration  revealed  several  areas 
where  flutter  problems  may  be  anticipated, 

7.4.1  Wing  Tip-elevon  (Outboard  of  Vertical  Tail) 

The  primary  structure  terminates  a  considerable  distance  short 
of  the  elevon  tip,  and  tapers  in  such  a  manner  that  the  torsional,  rig¬ 
idity  at  the  outboard  elevon  hinge  fitting  appears  to  be  essentially 
zero.  This  is  a  potentially  unsatisfactory  situation  which  may  result 
in  a  coupled  wing  torsion  -  elevon  rotation  flutter  speed  below  the  de¬ 
sign  speed.  To  correct  this  condition,  additional  torsional  rigidity 
would  be  required  in  the  wing  tip  region. 

7.4.2  Engine  Location 

The  engine  centers  of  gravity  are  far  aft  of  the  main  wing  box. 
This  is  particularly  significant  in  the  case  of  the  outboard  engines, 
which  are  outboard  of  the  wing  mid  semi -span.  This  condition  may  re¬ 
sult  in  unfavorable  wing  box  bending-torsicn  coupling  with  attendant 
adverse  flutter  characteristics. 

7.4.3  The  Vertical  Tail  Location 

The  vertical  tail,  being  located  near  the  wing  tip  with  its  CG 
aft  of  the  wing  box,  presents  a  "T-tail"  type  coupled  fin-wing  flutter 
situation.  In  the  event  that  detailed  analysis  revealed  a  flutter  speed 
deficiency,  a  sizeable  stiffness  increase  (with  an  associated  weight 
penalty)  might  be  required  to  achieve  adequate  flutter  margins. 

7.4.4  Control  Surface  Transonic  Buzz 

Achieving  sufficient  rotational  and/or  torsional  rigidity  for 
the  prevention  of  buzz  on  the  rudder  and  outboard  elevon  may  be  diffi¬ 
cult,  particularly  in  light  of  the  long  spans  and  small  thicknesses 
of  these  surfaces. 


8.0  MANUFACTURING  FEASIBILITY 

The  construction  of  the  SCAT  15F-B7  is  quite  similar  to  the 
733-290  except  for  differences  in  the  configurations.  The  feasibility 
as  presented  in  D6-8680-6  "Airframe  Design, "  Section  6,  and  D6-2^00-4, 
"Preliminary  Production  Planning,"  would  also  apply  to  this  airframe. 

The  area  of  major  difference  affecting  manufacturing  produci- 
bility  is  the  wing.  On  a  prototype  the  increase  in  manufacturing  man¬ 
hours  to  build  a  larger  wing,  and  the  extensive  manhours  and  flow  time 
required  to  join  the  outboard  wings  to  the  inboard  wing  of  the  SCAT 
15F-B7,  is  offset  by  the  extensive  tooling  required  to  build  the  more 
complex,  heavier  members  of  the  Model  733-290  wings .  However,  for  a 
production  program,  the  additional  recurring  manhours  used  for  building 
and  joining  the  SCAT  15F-B7  wing  would  increase  unit  costs. 

Other  manufacturing  disadvantages  are  the  increased  flow  time 
required  for  wing  Joining  on  the  final  assembly  floor,  the  delay  in  se¬ 
quencing  the  sealing  and  testing  of  wings  until  after  wings  are  Joined, 
the  increased  factory  area  requirements  to  accomplish  wing  joining  in 
an  earlier  position  to  maintain  schedules,  and  the  increased  support 
effort  required  to  procure,  manufacture,  handle,  and  store  the  additional 
airplane  details  and  components. 

Since  the  wing  is  considered  a  "lifeline"  (long  lead)  item  in 
the  manufacturing  plan,  the  SCAT  15F-B7  airplane,  as  shown  on  the  pre¬ 
liminary  sketches,  is  less  producible  than  the  733-290. 
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